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REAL PARTY IN INTEREST 

The real party in interest in this application is The Johns Hopkins University. 

RELATED APPEALS AND INTERFERENCES 

There is one related appeal. A Brief on Appeal was filed June 29, 2006 in related 
application Serial No. 09/954,166. Both Serial No. 09/954,166 and the present application claim 
priority to Serial No. 08/828,712 filed March 28, 1997 and to Serial No. 60/014,367 filed April 
28, 1996. 

There are no related interferences. 

STATUS OF CLAIMS 

Claims 1-27 and 33-50 are canceled. Claims 28-32 and 51-60 are pending. Claims 59 
and 60 are allowed. Claims 28-32 and 51-58 are rejected. Appellants appeal the rejection of 
claims 28-32 and 51-58. 

STATUS OF AMENDMENTS AFTER FINAL REJECTION 

Allowed claims 59 and 60 were amended to be in independent form in an amendment 
filed on July 20, 2006 under 37 C.F.R. § 1.116. The Advisory Action mailed August 24, 2006 
indicates the amendment was entered. 

SUMMARY OF CLAIMED SUBJECT MATTER 

Independent claim 28 is directed to a composition comprising a cell in which a molecular 
complex is bound to the surface of the cell. Page 4, lines 25-26. The molecular complex 
comprises at least two first fusion proteins and at least two second fusion proteins. Page 4, lines 
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26-27. Each of the two first fusion proteins comprises an immunoglobulin heavy chain, wherein 
the immunoglobulin heavy chain comprises a variable region, and an extracellular portion of a 
first transmembrane polypeptide. Page 4, lines 27-29. Each of the two second fusion proteins 
comprises an immunoglobulin light chain and an extracellular portion of a second 
transmembrane polypeptide. Page 4, lines 29-3 1 . The at least two first fusion proteins and the at 
least two second fusion proteins associate to form the molecular complex. Page 4, line 31 to 
page 5, line 1. The molecular complex comprises two ligand binding sites. Page 5, lines 1-2. 
Each ligand binding site is formed by the extracellular domain of a first transmembrane 
polypeptide and the extracellular domain of a second transmembrane polypeptide. Page 5, lines 
2-3. The affinity of the molecular complex for a cognate ligand is increased at least two-fold 
over a dimeric molecular complex consisting of the first and the second fusion protein. Page 5, 
lines 3-5. 

GROUNDS OF REJECTION TO BE REVIEWED 

1 . Whether claims 32 and 56-58 are sufficiently described under 35 U.S.C. §11211. 

2. Whether claims 28-32 and 51-55 are patentable under 35 U.S.C. § 103(a). 
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ARGUMENT 

1. The specification fully describes claims 32 and 56-58 . 
a. Legal Standards 

The first paragraph of 35 U.S.C. § 112 requires the specification to provide a written 

description of the claimed invention: 

[t]he specification shall contain a written description of the 
invention, and of the manner and process of making and using it, in 
such full, clear, concise, and exact terms as to enable any person 
skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and use the same, and shall set forth the 
best mode contemplated by the inventor of carrying out his 
invention. 

The purpose of the written description requirement is to ensure that the specification conveys to 
those skilled in the art that the applicants possessed the claimed subject matter as of the filing 
date sought. Vas-Cath Inc. v. Mahurkar, 935 F.2d 1555, 1563-64, 19 U.S.P.Q.2d 1111, 1117 
(Fed. Cir. 1991). 

Whether the specification meets the written description requirement for a claimed 
invention is a question of fact. Vas-Cath, 935 F.2d at 1563, 19 U.S.P.Q.2d at 1116. The 
specification is directed to those skilled in the art. Vas-Cath, 935 F.2d. at 1563-1564, 19 
U.S.P.Q. at 1115. Thus, the knowledge of those skilled in the art must be considered when 
determining whether a specification meets the written description requirement. In re Wright, 866 
F.2d 422, 425, 9 U.S.P.Q.2d 1649, 1651 (Fed. Cir. 1989). The teachings of the specification 
must be considered as a whole. Id., 9 U.S.P.Q.2d at 1651. 

A specification adequately describes a genus to the skilled artisan if it permits the artisan 
to "visualize or recognize members of the genus." University of California v. Eli Lilly and Co., 
119 F.3d 1559, 1568, 43 U.S.P.Q.2d 1398, 1406 (Fed. Cir. 1997). The existing knowledge in a 
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particular field, the extent and content of the prior art, and the maturity of the science at issue 
must be considered when determining what is needed to support generic claims to biological 
subject matter. Capon v. Eshhar, 418 F.3d 1349, 1359, 76 U.S.P.Q. 2d 1078, 1085 (Fed. Cir. 
2005). 

It is black letter law that "[t]he description need only describe in detail that which is new 

or not conventional in the art." M.P.E.P. § 2163(II)(A)(3)(a), citing Hybritech v. Monoclonal 

Antibodies, 802 F.2d 1367, 1384, 231 U.S.P.Q. 81, 94 (Fed. Cir. 1986). See also the U.S. Patent 

and Trademark Office's own Revised Interim Written Description Guidelines Training Materials 

at page 4: "It is assumed at this point in the analysis that the specification has been reviewed and 

an appropriate search of the claimed subject matter has been conducted. It is also assumed that 

the examiner has identified which features of the claimed invention are conventional taking into 

account the body of existing prior art." 

b. The specification satisfies the legal requirements for 
a written description of claims 32 and 56-58 for at 
least two reasons . 

The recited molecular complex contains two ligand binding sites. Dependent claims 32 
and 56-58 recite that an identical antigenic peptide is bound to each of the ligand binding sites 
recited in independent claim 28. The Examiner contends that the written description requirement 
for the genus "antigenic peptides" is not met because "the specification has not provided a 
representative number of species in a highly divergent genus so that it can be used to encompass 
the broad scope of the peptides claimed." Final Office Action mailed July 14, 2004 at page 3. 
The Examiner's position is that only a disclosure of a "representative number" of specific 
antigenic peptides would satisfy the written description requirement for the recited genus. This 
position is legally incorrect for at least two reasons. 
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First, in contrast to the molecular complex itself, "antigenic peptides" are neither new nor 
unconventional in the art; therefore, they do not require explicit description to be understood by 
those skilled in the art. It has long been known in the art that antigenic peptides are formed by 
the processing of internalized proteins in endosomal/lysosomal vesicles to peptides which can be 
presented by antigen presenting cells. See Abbas et al, Cellular and Molecular Immunology . 3 ld 
ed., W.B. Saunders Company, Philadelphia, 1997, pages 125-37 (Attachment 1). A PubMed 
search for "antigenic peptide" identified 848 references (Attachment 2), dating back as far as 
1979 {e.g., Smith; Attachment 3). A PubMed search for "peptide antigen" identified 517 
references (Attachment 2), dating back as far as 1965 {e.g., Akuzawa & Tsuchiya; Attachment 
4). In fact, as the Examiner acknowledges, "just about any peptide sequence to some extent is 
considered 'antigenic.'" Final Office Action at page 3, lines 18-19. Thus, taking into account 
the body of existing prior art, the antigenic peptides recited in claims 32 and 56-58 are features 
of the claimed invention which are conventional and therefore need not be described. Hybritech, 
802 F.2d at 1384, 231 U.S.P.Q. at 94; M.P.E.P. § 2163(II)(A)(3)(a). 

Second, an explicit description of individual species is not the only way to provide 

written description of a recited genus: 

The written description requirement for a claimed genus 
may be satisfied through sufficient description of a representative 
number of species by actual reduction to practice, reduction to 
drawings, or by disclosure of relevant, identifying characteristics, 
i.e., structure or other physical and/or chemical properties, by 
functional characteristics coupled with a known or disclosed 
correlation between function and structure, or by a combination of 
such identifying characteristics .... 

U.S. Patent and Trademark Office's Written Description Guidelines, 66 Fed. Reg. 1099, 1106 

(January 5, 2001) (internal references omitted), cited with approval in Enzo Biochem, Inc. v. 
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Gen-Probe Incorporated, 296 F.3d 1316, 1325, 63 U.S.P.Q.2d 1609, 1613 (Fed. Cir. 2002). 
There is a known correlation between the structure and function of antigenic peptides. An 
antigenic peptide, for example, has the function of binding to the peptide binding site formed by 
two extracellular domains of a class II MHC molecule. It also has the function of binding to the 
peptide binding site formed by two extracellular domains of a T cell receptor. Structural 
characteristics of antigenic peptides which correlate with these two functions are known. See 
Abbas et ah, Cellular and Molecular Immunology , 3 rd ed., W.B. Saunders Company, 
Philadelphia, 1997, pages 105-07 ("These features of the peptide-MHC interaction can now be 
explained in precise structural terms"; p. 106) and page 147, Table 7-2 (identifying MHC- 
binding and TCR-binding residues in peptide antigens) (Attachment 5). Thus, the genus of 
"antigenic peptides" is adequately described under the U.S. Patent and Trademark Office's own 
guidelines. 

c. None of the case law the Examiner cites applies to 
the written description of the recited antigenic 
peptides . 

The Examiner cites several cases, but none applies to the written description of the 

recited antigenic peptides. First, the Examiner draws an analogy between the recited genus of 

antigenic peptides and the genus of nucleic acids claimed in Lilly: 

In deciding The Regents of the University of California v. 
Eli Lilly 43 USPQ2d 1398 (CAFC 1997), the Federal Circuit held 
that a generic statement that defines a genus of nucleic acids by 
only their functional activity does not provide an adequate written 
description of the genus. By analogy, a generic statement that 
defines a genus of "antigenic peptides" by only their common 
ability [sic] bind to the peptide binding site of an MHC or to the 
peptide binding site of a T-cell receptor TCR, as argued in the 
response filed 3/8/2005 does not serve to adequately describe the 
genus as a whole. 
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Final Office Action at page 3, lines 1-7. The analogy is faulty. Lilly addressed what is required 
for a written description or conception of new genetic material. Applicants do not claim a new 
genetic material. Applicants claim a composition comprising a cell to which a molecular 
complex is bound. The components of the recited molecular complex - including the recited 
antigenic peptides - are known in the art. 

Second, the Examiner cites University of Rochester v. G.D. Searle Co., for the 
proposition that "generalized language may not suffice if it does not convey the detailed identity 
of an invention." Final Office Action at page 3, lines 19-21, quoting University of Rochester v. 
G.D. Searle Co., 358 F.3d 916, 923, 69 U.S.P.Q.2d 1886, 1892 (Fed. Cir. 2004), reh'g en banc 
denied, 375 F3d. 1303, 71 U.S.P.Q.2d 1545 (Fed. Cir. 2004), cert, denied 543 U.S. 1015 (2004). 
Again, "antigenic peptides" are not the invention. They are a class of molecules well known in 
the art which can be employed in the claimed invention. 

Third, the Examiner cites Noelle v. Lederman, 355 F.3d 1343, 69 U.S.P.Q.2d 1508 (Fed. 
Cir. 2004) for the proposition that "a patentee of a biotechnological invention cannot necessarily 
claim a genus after only describing a limited number of species because there may be 
unpredictability in the results obtained from species other than those specifically enumerated." 
Final Office Action mailed April 20, 2006 at page 4, lines 1-6. Again, "antigenic peptides" are 
not the claimed invention. Nor, as the Examiner himself acknowledges, is it unpredictable to 
obtain an antigenic peptide: "just about any peptide sequence to some extent is considered 
'antigenic.'" Final Office Action mailed July 14, 2004 at page 3, lines 18-19. 

None of the cited cases are apt. "Antigenic peptides" are not the claimed invention. 
Dependent claims 32 and 56-58 merely recite a well-known class of molecules - antigenic 
peptides - which are bound to ligand binding sites of the recited molecular complex. 
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The rejection under 35 U.S.C. § 112 f 1 has no legal foundation. The specification 
adequately describes the subject matter of dependent claims 32 and 56-58 because it describes 
the new and unconventional subject matter encompassed within those claims. There is no legal 
requirement to describe that which is conventional. Hybritech, 802 F.2d at 1384; 231 U.S.P.Q. 
at 94; M.P.E.P. § 2163(II)(A)(3)(a). The Board should reverse the rejection. 

2. Claims 28-32 and 51-55 are not prima facie obvious . 

a. Legal Standards 

Section 103(a) of 35 U.S.C. states: 

A patent may not be obtained though the invention is not 
identically disclosed or described as set forth in section 102 of this 
title, if the differences between the subject matter sought to be 
patented and the prior art are such that the subject matter as a 
whole would have been obvious at the time the invention was 
made to a person having ordinary skill in the art to which said 
subject matter pertains. 

Obviousness under 35 U.S.C. § 103(a) is a question of law based on several factual inquiries: 
"Under § 103, the scope and content of the prior art are to be determined; differences between 
the prior art and the claims at issue are to be ascertained; and the level of ordinary skill in the 
pertinent art resolved." Graham v. John Deere Co., 383 U.S. 1, 17 (1966). 

The Examiner bears the burden of making factual findings to establish a prima facie case 
of obviousness. M.P.E.P. § 2142. The prima facie case requires three elements. First, the cited 
prior art must teach or suggest all the claim limitations. In re Royka, 490 F.2d 981, 985, 180 
U.S.P.Q. 580, 583 (C.C.P.A. 1974). Second, the facts must establish one of ordinary skill would 
have been motivated to combine the cited references. In re Linter, 458 F.2d 1013, 1016, 173 
U.S.P.Q. 560, 562 (C.C.P.A. 1972). Third, the facts must establish that one of ordinary skill in 



the art would have had a reasonable expectation that the asserted combination or modification 
would be successful. In re Merck & Co., 800 F.2d 1091, 1097, 231 U.S.P.Q. 375, 379-80 (Fed. 
Cir. 1986). 

The cited references must be considered in their entireties, including portions of the 
references which would have led the ordinary artisan away from the claimed invention. W.L. 
Gore & Associates, Inc. v. Garloch Inc., 721 F.2d 1540, 1550, 220 U.S.P.Q. 303, 310 (Fed. Cir. 
1983), cert, denied, 469 U.S. 851 (1984). It is black letter law that hindsight use of an 
applicant's specification is improper. In re Kotzab, 217 F.3d 1365, 1371, 55 U.S.P.Q.2d 1313, 
1317 (Fed. Cir. 2000). 

b. The Rejection 

The Examiner cites four references: Matsui 1 (the primary reference), Dal Porto, 2 Chang, 3 
and Harris. 4 The Examiner cites Matsui as teaching that the interaction between monovalent 
TCRs and MHC heterodimers has been difficult to study directly because it is a low affinity 
interaction. Office Action mailed August 11, 2005 at page 5 \ a. The Examiner cites Dal Porto 
as disclosing high affinity divalent class I MHC/IgG molecules which have nanomolar affinity 
for T cell receptors and which, in contrast to monovalent MHC class I molecules, inhibit lysis of 
target cells. Id. at pages 5-6 If b. The Examiner cites Chang as teaching that "the fusion of 
peptide sequences known to form unique, heterodimeric coiled-coils to the C-termini of the TCR 
a and P extracellular segments promotes heterodimer formation over homodimer formation." Id. 

1 Matsui et al, Proc. Natl. Acad. Sci. U.S.A. 91, 12862-66, December 1994. 

2 Dal Porto etal., Proc. Natl. Acad. Sci. U.S.A. 90, 6671-75, 1993. 

3 Chang et al., Proc. Natl. Acad. Sci. USA 91, 1 1408-412, 1994. 
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at page 6 J c. The Examiner cites Harris as demonstrating that binding domains, including cell 
surface receptors, can be fused via a linker to the N-terminus of heavy and light chain variable 
regions "and the fusion proteins retain binding activity." Id. at page 6 f d. 

The thrust of the rejection is that the recited molecular complex would have been obvious 
because high affinity, divalent soluble TCR and class II molecules are desirable (Matsui), MHC 
class I/Ig molecules have higher affinity for TCRs than do monovalent MHC class I molecules 
(Dal Porto), heterodimer formation can be facilitated using leucine zippers (Chang), and binding 
domains which are fused to the N-termini of heavy and light chains retain their binding function 
(Harris). 

c. The Examiner did not evaluate the cited references 
under the proper legal standards . 

The Examiner did not evaluate the cited references under the proper legal standards. The 
rejection set forth above ignores large portions of each reference, including teachings in Matsui, 
Dal Porto, and Chang that explicitly teach away from the invention. Instead, using the 
specification as a template, the Examiner selected isolated teachings of the cited references, 
modified them, and combined them without regard to what each of the references teaches as a 
whole. This is clear legal error. Gore, 721 F.2d at 1550, 220 U.S.P.Q. at 310; Kotzab, 217 F.3d 
atl371,55 U.S.P.Q.2datl317. 

The remainder of this Brief analyzes the cited references under the proper legal standards 
for determining obviousness. The analysis demonstrates that the cited references - even if, 
arguendo, properly combined - do not render claims 28-31 and 51-55 prima facie obvious. 



4 Harris et al, WO 94/09131, April 28, 1994. 
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Matsui. The primary reference, Matsui, addresses the problem of how to obtain direct 
measurements of the binding kinetics between a soluble TCR and a peptide presented by a 
soluble MHC molecule. Matsui acknowledges that soluble TCRs are available and that several 
studies have determined that the binding affinities between soluble TCRs and peptides presented 
by soluble MHC molecules are relatively low (IQ of 4-6 x 10" 5 M, lO^-lO" 7 M, and 10" 5 M, 
respectively). Matsui points out that these measurements were indirect and depend on live cells , 
which is a disadvantage: "However, none of these studies give direct information about the 
kinetics of the molecular interactions and are dependent on live cells, thus greatly limiting the 
range of conditions (temperature, ionic strength, etc.) that can be assessed." Matsui at page 
12862. Matsui teaches use of surface plasmon resonance to overcome the disadvantages of 
indirect measurements so that low affinity interactions between a soluble TCR and a peptide 
presented by a soluble MHC molecule can be studied directly. Matsui' s method is designed to 
avoid the use of a cell. 5 

Dal Porto. Dal Porto teaches a class I MHC/IgG complex which comprises an 
immunoglobulin molecule and two MHC class I molecules (Figure IB): 6 



5 In contrast, all the appealed claims are directed to compositions which comprise a cell. 

6 As indicated in Figure IB, a class I MHC molecule comprises an a chain of three segments (al, a2, and 
a3) and a 02 microglobulin subunit. 



12 



The Dal Porto complex comprises two of a single species of fusion protein: an immunoglobulin 
heavy chain (white) fused to the a 3 subunit of the a chain of a class I MHC molecule (dark 
grey). 7 Neither the immunoglobulin light chains (stippled) nor the p 2 microglobulin subunits 
(light grey) are part of a fusion protein. The p 2 microglobulin subunit associates with the MHC 
class I a chain as it normally does in a native class I MHC molecule. The immunoglobulin light 
chain associates with the immunoglobulin heavy chain as it does in a native immunoglobulin 
molecule. 

Dal Porto teaches that the "divalent MHC/IG molecules are good candidates for soluble 
high-affinity MHC-like molecules that could be used to selectively suppress specific T-cell 
responses." Page 6675, sentence bridging columns 1 and 2. Dal Porto neither teaches nor 
suggests binding the disclosed soluble molecules to the surface of a cell. 

Chang. Chang teaches a method of making a soluble TCR. Chang fused segments of 30 
amino acids to the carboxyl termini of TCR a and P extracellular domains via a flexible linker. 
The fused segments associate to form a leucine zipper, which facilitates pairing of the TCR a and 

7 In contrast, all the appealed claims require two species of fusion proteins. 
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P subunits. Page 1 1408, col. 2. Chang teaches that use of leucine zipper components "should be 

broadly useful in the efficient production and purification of TCRs as well as other heterodimeric 

proteins." Abstract. See also page 1 1412, paragraph bridging columns 1 and 2: 

In principle, it should now be possible to facilitate association of 
any type of naturally occurring heterodimeric structure including, 
for example, MHC class II a and |3 subunits or CD8a and CD8P 
components. ... In addition, it should also be possible to force 
association between proteins that may never or only transiently 
come in contact with one another, thereby offering a means to 
better understand regulatory events affecting cellular activation, 
cell cycle control, gene transcription, or cellular differentiation. 

Paragraph bridging columns 1 and 2 of page 11412. There is no teaching or suggestion in Chang 

to use anything other than leucine zipper components to associate heterodimeric proteins. There 

is nothing in Chang which teaches or suggests binding any type of heterodimeric proteins to the 

surface of a cell. 8 

Harris. Harris teaches "recombinant bispecific (heterodimeric) and/or monodimeric 
bivalent specific binding proteins, for example antibodies, in which the specific association of 
the component modules is accomplished by using the recognition and natural homo- or hetero- 
dimerization of additionally fused associating domains." Page 8, lines 13-19. The bulk of the 
Harris disclosure relates to antibodies. The disclosed purpose of the binding proteins is to 
provide high affinity antibodies, particularly bispecific antibodies, which are not immunogenic in 
humans and which do not have the undesirable effector functions of complete antibody 
molecules: "the effector functions intrinsic to complete antibody molecules (such [as] Fc 



8 In contrast, the dimerizations which occur in the recited molecular complexes are those which naturally 
occur between immunoglobulin heavy chains and between immunoglobulin heavy and light chains. 
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receptor and complement binding) have led to undesirable interactions." Harris, paragraph 

bridging pages 1 and 2. 9 

d. The combination of cited references does not teach 
or suggest all elements of the claimed subject 
matter . 

The claimed subject matter is a composition comprising a cell. A molecular complex 
with particular recited features is bound to the surface of the cell. Even if, arguendo, the 
combination of cited references taught or suggested the recited molecular complex - which it 
does not - the combination does not teach or suggest binding the molecular complex to the 
surface of a cell. The Examiner has not addressed this aspect of the claimed invention at all. 
This omission alone is sufficient to defeat the alleged prima facie case of obviousness. See 
M.P.E.P. § 2142 ("the prior art reference (or references when combined) must teach or suggest 
all the claim limitations"). 

Moreover, contrary to the Examiner's characterization of Dal Porto's molecule and the 
recited molecular complex, the two differ significantly. The molecule of Dal Porto (left; Fig. 
IB) and an embodiment of the recited molecular complex (right; specification Fig. IB) are 
illustrated below: 



9 In contrast, all the appealed claims require the portion of the immunoglobulin heavy chain which has the 
effector function. 
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Dal Porto, Fig. IB specification, Fig. IB 



As described above, Dal Porto's complexes comprise a single species of fusion protein which 
consists of the immunoglobulin heavy chain (white) and the MHC class I a chain (consisting of 
al, a2, and a3 segments; dark grey). The f$2 microglobulin subunit (light grey) associates with 
the a chain as it normally does in a native class I MHC molecule. The immunoglobulin light 
chain (stippled) associates with the immunoglobulin heavy chain as it does in a native 
immunoglobulin molecule. Neither the immunoglobulin light chains nor the (3 2 microglobulin 
subunits are part of a fusion protein. Thus, Dal Porto's complex contains only a single species of 
fusion protein. 

In contrast, the recited molecular complexes comprise two types of fusion proteins. One 
fusion protein of the recited complex comprises an extracellular portion of a first transmembrane 
polypeptide ("P" in Fig. IB) fused to an immunoglobulin heavy chain. The other species of 
fusion protein comprises an extracellular portion of a second transmembrane polypeptide ("a" in 
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Fig. IB) fused to an immunoglobulin light chain. In Dal Porto's complex, neither the 02 

microglobulin nor either of the light chains is part of a fusion protein. 

Thus, contrary to the Examiner's assertion in the Final Office Action, the recited 

molecular complexes do not "merely differ from the molecular complex of Dal Porto et al. by 

substitution of the extracellular domains (alpha and beta subunits) of the TCR and class II MHC 

molecules in place of the class I MHC portion of the molecule of Dal Porto et al." Final Office 

Action at page 8 \ 1. Such a substitution - which Dal Porto neither teaches nor suggests - 

would not have formed the recited molecular complex, which requires two distinct species of 

fusion proteins. In fact, modifying Dal Porto's molecule to arrive at a molecular complex such 

as that in Figure IB of the specification, for example, requires two significant modifications: (1) 

fusing the extracellular domain of a first transmembrane polypeptide to the immunoglobulin 

heavy chain in place of the class I MHC a chain and (2) fusing the extracellular domain of a 

second transmembrane polypeptide to the immunoglobulin's light chain. None of the cited 

references teaches or suggests these modifications. 

e. One of ordinary skill in the art would have had no 
motivation to select isolated elements of the cited 
. references, modify them, and combine them as the 
Examiner asserts . 

The relevant question is not whether Matsui - or any other teaching in the art - would 
have motivated the ordinary artisan to make a divalent soluble MHC or TCR molecule as the 
Examiner contends. The relevant question is whether Matsui, in view of Chang, Harris, and Dal 
Porto, would have motivated one of ordinary skill to make the molecular complex recited in 
claims 28-31 and 51-55 and to bind it to the surface of a cell . The answer is no. 
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Matsui simply teaches a method to obtain direct measurements of interactions between a 
soluble TCR and a peptide presented by a soluble MHC complex. Matsui solves the problem of 
measuring interactions between these low-affinity binding partners; the solution involves a cell- 
free system. Thus, Matsui as a whole would not have motivated one of ordinary skill to make 
soluble TCR or MHC molecules with higher binding affinities and to bind the soluble molecules 
to the surface of a cell. Matsui in fact plainly teaches away from using cells. 

Chang teaches no other method of associating polypeptides other than by using leucine 
zipper components. Polypeptides associated via a leucine zipper as taught in Chang are 
stabilized by interdigitation of leucine residues on two protein alpha-helices. The fusion proteins 
of the recited molecular complex, however, comprise immunoglobulin chains. Immunoglobulin 
chains are not held together with leucine zippers. Chang's teaching of leucine zippers therefore 
would not have motivated an ordinary artisan to use immunoglobulin chains, which have a very 
different secondary structure. As is known in the art, all domains of immunoglobulin chains 
such as those recited in the claims contain two layers of /?-pleated sheet which have three or four 
strands of antiparallel polypeptide chain which interact and that immunoglobulin chains are 
further held together with disulfide bonds. 10 Moreover, Chang explicitly teaches soluble 
molecules; it contains no teaching or suggestion to bind any molecules to the surface of a cell, 
thereby rendering them insoluble . 

The recited molecular complex comprises an immunoglobulin heavy chain; an 
immunoglobulin heavy chain comprises both variable and constant regions. Harris explicitly 
teaches one of ordinary skill not to include constant regions of an immunoglobulin molecule in 
its binding proteins. In fact, use of an immunoglobulin heavy chain would render the Harris 
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binding proteins unsatisfactory for one of their intended purposes (to avoid undesirable effector 
functions). There is, therefore, no suggestion in Harris to include both heavy and light 
immunoglobulin chains, which are present in molecular complexes of the invention. In re 
Gordon, 733 F.2d 900, 902, 221 U.S.P.Q. 1125, 1127 (Fed. Cir. 1984); M.P.E.P. § 2143.01(V) 
("If the proposed modification would render the prior art invention being modified unsatisfactory 
for its intended purpose, then there is no suggestion or motivation to make the proposed 
modification."). 

Furthermore, those of skill in the art at the April 28, 1996 priority date of this application 
knew that no particular manipulation was needed to cause the extracellular domains of MHC 
class II molecules or TCRs to associate to form functional peptide binding sites. It was well 
known that the two extracellular domains of TCR molecules or of class II MHC molecules will 
associate to form a peptide binding site in the absence of their transmembrane domains. That is, 
the ordinary artisan knew that one extracellular domain need not be anchored in any particular 
orientation relative to the other extracellular domain in order for the two extracellular domains to 
associate and form a functional peptide binding site. 

For example, U.S. Patent 5,723,309 (Attachment 8) discloses soluble TCR molecules 
which contain the extracellular domains but not the transmembrane domains of each polypeptide 
chain: "VyOy/V8C8 soluble T receptors are also produced by co-transfecting, into a host cell, 
DNA sequences encoding the y and 6 submits [sic; subunits] of the Ty5 receptor from which the 
transmembrane portion of the Ty8 receptor has been deleted." Col. 2, lines 48-51. When the 
transfected DNA is expressed, a soluble TCR containing both extracellular domains is secreted 



Abbas et al., eds., Cellular and Molecular Immunology , 3d ed., pages 41-43 (Tab 6). 
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into the supernatant: "[T]he soluble y8 hetero-dimers were clearly detected by IRMA 
(radioimmunological assay) in the supernatants of CHO cells co-transfected with soluble y and 
soluble 5 assembly products (y8sFS-CHO) when pairs of antibodies specific for V52/Cy or 
V82/Vy9 were used" Col. 8, lines 43-50. The soluble TCR molecules contain a functional 
peptide binding site and can be used diagnostically (col. 5, lines 3-13) and therapeutically (col. 
lines 57-60). 

U.S. Patent 5,583,031 (Attachment 9) discloses a soluble class II MHC molecule that 

contains extracellular domains of each polypeptide chain but not the transmembrane domains 

and that can bind an antigenic peptide: 

Class II histocompatibility proteins are expressed as aP 
heterodimers by insect cells (Spodoptera frugiperda, fall 
armyworm) infected with recombinant baculoviruses. The viruses 
carry genes coding for the a and for the P subunits of the 
histocompatibility protein. The protein can be produced in a 
membrane-associated form, or in a secreted, soluble form by 
alteration of the carboxy-terminus. Like the mammalian cells from 
which histocompatibility proteins are conventionally isolated, the 
insect cells glycosylate and correctly assemble the 
histocompatibility protein, but, unlike the mammalian cells, they 
do not load the binding site with tightly bound endogenous 
peptides. The proteins are isolated from insect cells as empty 
molecules by immunoaffinity and ion-exchange procedures. 
Antigenic peptide is loaded onto the purified molecule in vitro, and 
the 1:1 complex of peptide and histocompatibility protein is 
isolated. 

Col. 5, lines 9-24. 

As evidenced by these two patents, the ordinary artisan would not have thought that any 
particular manipulation was necessary to permit the extracellular domains of TCRs or class II 
MHC molecules to associate. Thus, even if, arguendo, one of ordinary skill had been motivated 
to modify Dal Porto's complex to make a divalent TCR/IgG or class II MHC/IgG molecule, the 



20 



logical modification would have been to substitute one of the TCR or class II MHC extracellular 
domains for the MHC class I a chain in the fusion protein, to express the other extracellular 
domain by itself, analogous to Dal Porto's p 2 subunit, and to permit the two extracellular 
domains to associate as the prior art taught they would. 

But this modification would not have formed the recited molecular complexes. To form 
the recited molecular complexes, the second extracellular domain must be fused to the 
immunoglobulin light chain. None of the cited prior art teaches or suggests associating the 
extracellular domains of a TCR or MHC class II molecule by fusing the domains to an 
immunoglobulin heavy and light chain. Moreover, none of the cited prior art teaches or suggests 
binding such a molecular complex to the surface of a cell. 

Properly considered in their entireties, the combination of Matsui, Chang, Harris, and Dal 
Porto do not make the recited molecular complexes prima facie obvious. Matsui does not 
suggest construction of any molecules with higher binding affinities. Harris teaches away from 
using immunoglobulin heavy and light chains, which the recited molecular complexes contain. 
Chang teaches use of leucine zipper components to associate extracellular TCR domains, but the 
recited molecular complexes employ P pleated sheets, not a leucine zipper. Dal Porto teaches a 
molecule with a substantially different structure. Each of Matsui, Chang, Harris, and Dal Porto 
teaches soluble molecules. The rejection does not make any specific factual findings to support 
the notion that one of ordinary skill would have been motivated to combine the cited references, 
much less to make the extensive modifications necessary to make the present invention. 

Claims 28-32 and 51-55 are not prima facie obvious over the applied combination of 
Matsui, Chang, Harris, and Dal Porto. The Board should reverse the rejection. 
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CONCLUSION 

Neither the rejection of claims 32 and 56-58 under 35 U.S.C. § 1 12 1 1 nor the rejection 
of claims 28-32 and 51-55 under 35 U.S.C. § 103(a) is legally correct. The Board should 
therefore reverse the rejections. 

Respectfully submitted, 
BANNER & WITCOFF, LTD. 



Date: Monday, November 6, 2006 



Customer No. 22907 



By:_ 



/Lisa M. Hemmendinger/ 

Lisa M. Hemmendinger 
Registration No. 42, 653 
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APPENDIX 1. APPEALED CLAIMS 

28. A composition comprising a cell in which a molecular complex is bound to the 
surface of the cell, wherein the molecular complex comprises at least two first fusion proteins 
and at least two second fusion proteins, wherein: 

(a) each of the two first fusion proteins comprises an immunoglobulin heavy 
chain, wherein the immunoglobulin heavy chain comprises a variable region, and an extracellular 
portion of a first transmembrane polypeptide; and 

(b) each of the two second fusion proteins comprises an immunoglobulin light 
chain and an extracellular portion of a second transmembrane polypeptide; 

wherein the at least two first fusion proteins and the at least two second fusion proteins 
associate to form the molecular complex, wherein the molecular complex comprises two ligand 
binding sites, wherein each ligand binding site is formed by the extracellular domain of a first 
transmembrane polypeptide and the extracellular domain of a second transmembrane 
polypeptide, wherein the affinity of the molecular complex for a cognate ligand is increased at 
least two-fold over a dimeric molecular complex consisting of the first and the second fusion 
protein. 

29. The composition of claim 28 wherein the first transmembrane polypeptide is an 
MHC class lip chain and wherein the second transmembrane polypeptide is an MHC class Hoc 
chain. 

30. The composition of claim 28 wherein the first transmembrane polypeptide is a TCR 
a chain and wherein the second transmembrane polypeptide is a TCR P chain. 

31. The composition of claim 28 further comprising a pharmaceutically acceptable 

carrier. 
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32. The composition of claim 28 wherein a population of the molecular complexes is 
bound to the cell, wherein an identical antigenic peptide is bound to each ligand binding site. 

51. The composition of claim 28 wherein the immunoglobulin heavy chain is an IgGl 
heavy chain. 

52. The composition of claim 28 wherein the immunoglobulin light chain is an IgK 

chain. 

53. The composition of claim 28 wherein the first fusion proteins comprise a first peptide 
linker between the immunoglobulin heavy chain and the extracellular domain of the first 
transmembrane polypeptide and wherein the second fusion proteins comprise a second peptide 
linker between the immunoglobulin light chain and the extracellular domain of the second 
transmembrane polypeptide. 

54. The composition of claim 53 wherein the first peptide linker is GLY-GLY-GLY- 
THR-SER-GLY (SEQ ID NO: 10). 

55. The composition of claim 53 wherein the second peptide linker is GLY-SER-LEU- 
GLY-GLY-SER (SEQ ID NO:l 1). 

56. The composition of claim 32 wherein the antigenic peptides are bound to the ligand 
binding sites by a method comprising the step of: 

incubating the cell in the presence of the antigenic peptides, whereby the 
antigenic peptides are bound to the ligand binding sites. 

57. The composition of claim 32 wherein the antigenic peptides are bound to the ligand 
binding sites by a method comprising the steps of: 

(a) alkaline stripping of the molecular complex to provide an alkaline stripped 
molecular complex; 
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(b) neutralization of the alkaline stripped molecular complex to provide a 
neutralized molecular complex; 

(c) incubation of the neutralized molecular complex in the presence of an 
excess of the antigenic peptides; and 

(d) slow refolding of the neutralized molecular complex in the presence of the 
excess of the antigenic peptides. 

The composition of claim 32 wherein the antigenic peptides are covalently bound. 
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Pages 125-37 of Abbas et aL Cellular 
and. N4olecular Immunology 3 ld ed., 
W.B. Saunders Company, 
Philadelphia, 1997) 


included with the response filed 
April 19, 2004 


1 


PubMed search results for "antigenic 
peptide" and "peptide antigen" 


included with the response filed 
April 19, 2004 


2 


abstract of Smith et ah, J Immunol. 
1979 Oct;123(4):1715-20 


included with the response filed 
April 19, 2004 


3 


bibliographic information for 
Akuzawa & Tsuchiya, Arerugi 14, 
519-21, 1965 


included with the response filed 
April 19, 2004 


4 


Pages 105-07, page 147, and Table 7- 
2 of Abbas et ah. Cellular and 
Molecular Immunology, 3 rd ed., W.B. 
S3.und.crs Coirtpciny, Philadelphia, 
1997) 


included with the response filed 
March 8, 2005 
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Pages 41-43 of Abbas et ah. Cellular 
and Molecular Immunology, 3 ld ed., 
W.B. Saunders Company, 
Philadelphia, 1997) 


included with the response filed 
January 11, 2006 
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U.S. Patent 5,723,309 


discussed at pages 8-9 of the 
response filed January 1 1 , 2006 


7 


U.S. Patent 5,583,031 


discussed at pages 8-9 of the 
response filed January 1 1 , 2006 
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APPENDIX 3. RELATED PROCEEDINGS 

None. 
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that bind to class II MHC molecules, and most of 
these proteins are internalized from the extracellu- 
lar environment. Thus, antigens made by extracel- 
lular bacteria, fungi, protozoa, and helminths are 
usually presented by the class II MHC pathway 
and activate CD4 + T cells. Additionally, some in- 
tact microorganisms can enter a cell by endocyto- 
sis or phagocytosis and survive within intracellular 
membrane-bound vesicles. Peptides derived from 
proteins made by these intracellular microorga- 
nisms may also be presented by class II MHC mol- 
ecules. 



Processing of Internalized Proteins in 

EwdesoMal/lysesimffll Vesicles 

The next step in antigen presentation is the 
processing of the antigen that was internalized in 
its native form. Several characteristics of the pro- 



cessing of extracellularly derived protein antigens 
are known: 

1. Antigen processing is a time- and metabolism- 
dependent phenomenon that takes place subsequent 
to internalization of antigen by APCs. If macro- 
phages (or other APCs) are incubated briefly 
("pulsed") with a protein antigen such as ovalbu- 
min, rendered metabolically inert by chemical fixa- 
tion at various times thereafter, and tested for 
their ability to stimulate ovalbumin-specific T cells, 
functional antigen presentation occurs only if 1 to 
3 hours elapse between the antigen pulse and fixa- 
tion (Fig. 6-6). This time is required for the APCs 
to process the antigen and present it in associa- 
tion with class II MHC molecules on the cell sur- 
face. Processing of antigen is inhibited by main- 
taining the APCs below physiologic temperatures, 
by adding metabolic inhibitors such as azide, or by 
fixation earlier than 1 hour after the antigen pulse. 
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2. The endosomes and lysosomes where antigen 
processing takes place have an acidic pH, which is 
required for the processing. Chemical agents that 
increase the pH of intracellular acid vesicles, such 
as chloroquine and ammonium chloride, are potent 
inhibitors of antigen processing. 

3. Cellular proteases are required for the pro- 
cessing of many protein antigens. Several types of 
proteases, including cathepsin and leupeptin, are 
present in endosomes and lysosomes, and specific 
inhibitors of these enzymes block the presentation 
of protein antigens by APCs. The function of prote- 
ases is to cleave native protein antigens into small 
peptides. These proteases also probably act on the 
invariant chain, promoting its dissociation from 
class II MHC molecules, as discussed later. Most of 
these proteases function optimally at acid pH, and 
this is the likely reason why antigen processing 
occurs best in acidic compartments.' 

The processed forms of most protein antigens 
thai T cells recognize can be artificially generated 



by proteolysis in the test tube. Macrophages that 
are fixed or that are treated with chloroquine be- 
fore exposure to antigen can effectively present 
pre-digestecl peptide fragments of that antigen, but 
not the intact protein, to specific T cells (Fig 
6-6). Peptides that bind to MHC molecules and 
stimulate T cells can be analyzed for amino acid 
sequence and secondary structure to determine 
the nature of the potential Iigands for T cell anti- 
gen receptors. Immunogenic peptides derived from 
many complex globular proteins, such as cyto- 
chrome c, ovalbumin, myoglobin, and lysozyme, 
have been characterized in detail in this way. More 
recently, naturally generated peptides have been 
eluted from the class II MHC molecules of APCs 
and analyzed for common structural characteris- 
tics. The physicochemical features of peptides that 
permit their binding to MHC molecules were de- 
scribed in Chapter .1. 

The net result of processing of a protein anti- 
gen is the generation of peptides, many of which 
are 10 to :w amino acids long and capable of bind- 
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ing to the peptide-binding clefts of class II MHC 
molecules. The requirement for antigen processing 
prior to T cell stimulation explains why T cells 
recognize linear but not conformational determi- 
nants of proteins and why T cells cannot distin- 
guish between native and denatured forms of a 
protein antigen (see Table 6-1). It is likely that 
most types of APCs, including macrophages, B 
cells, and dendritic cells, are qualitatively similar 
in their ability to process endocytosed antigens; 
however, there may be quantitative differences. 
For instance, macrophages contain many more 
proteases than do B cells and are more actively 
phagocytic, so that macrophages may be more effi- 
cient than B cells at internalizing and processing 
large particulate antigens and presenting peptide 
fragments of these antigens. It is also possible that 
different APCs generate distinct sets of peptides 
from the same native protein because of differ- 
ences in their endosomal proteases. Furthermore, 
different APCs may present different peptides be- 
cause the set of class II MHC molecules expressed 
by one APC may not be identical to those ex- 
pressed by another. Therefore, it is possible that 
the APCs involved in presenting a particular pro- 
tein antigen can influence which T cells are acti- 
vated by that antigen. 

Association of Processed Peptides With Newly 
Synthesized Class II MHC Molecules 

Peptides generated by proteolysis of proteins 
in endosomes and lysosomes bind to newly syn- 
thesized class II MHC molecules within intracellu- 
lar vesicles (see Fig. 6-5). The exact site of this 
association is not definitely known, but a variety of 
experimental data indicate that it occurs within an 
organelle of the endocytic pathway. An under- 
standing of how peptide -class II MHC complexes 
are formed requires knowledge of the biosynthesis 
and subcellular transport of new class II MHC mol- 
ecules. Several steps and key features of this proc- 
ess have been defined. 

1. The a and /3 chains of class II MHC molecules 
are coordinately synthesized and associate with each 
other in the endoplasmic reticulum (ER). These 
chains are translated from messenger ribonucleic 
acid (mRNA) molecules on membrane-bound ribo- 
somes and are co-translationally inserted into the 
membrane of the ER. 

2. Newly synthesized class II heterodimers tem- 
porarily associate with two other nonpolymorphic 
polypeptides, not encoded by the MHC, which are 
required for proper assembly and transport of the 
MHC molecule. The first of these proteins is called 
calnexin and it functions as a molecular chaper- 
one, ensuring that the a and /3 chains are properly 
folded during assembly of a class II MHC molecule. 
Calnexin is also involved in the assembly of other 
multichain molecules in the ER, including class I 
MHC molecules and the T cell antigen receptor 



(see Chapter 7). The second nonpolymorphic pro- 
tein associated with the class II MHC a/3 heterodi- 
mers in the ER is called the invariant chain (If). 
This protein is a 30 kD Ig superfamily member 
which is a type II membrane protein, i.e., it has a 
reverse orientation to most transmembrane pro- 
teins, so that the amino terminus is intracyto- 
plasmic and the carboxy terminus is intraluminal. 
The native invariant chain is a homotrimer. Each 
subunit binds one newly synthesized class II a/3 
heterodimer, forming a nine polypeptide chain 
complex (i.e., three a/3 heterodimers bound to one 
invariant chain homotrimer). Only after the invari- 
ant chain binds the a/3 heterodimer is calnexin re- 
leased, and the class II -invariant chain complex is 
able to move out of the ER. 

3. The invariant chain prevents peptides or nas- 
cent unfolded polypeptides in the ER from binding to 
newly formed class II MHC a/3 heterodimers. The 
invariant chain binds to the class II MHC heterodi- 
mer in a way that interferes with peptide loading 
of the cleft formed by the a and /3 chains. There 
are, in fact, peptides within the ER derived from 
cytosolic proteins, as we will discuss later. Since 
the effector functions of class II -restricted T cells 
are best suited for dealing with extracellular mi- 
crobes, it would be counterproductive to have 
class II MHC molecules loaded with peptides de- 
rived from cytosolic proteins. Furthermore, since 
the peptide binding cleft of class II MHC molecules 
has open ends, it can theoretically accommodate 
binding of newly translated polypeptides which 
have not yet folded into their tertiary structural 
conformation. Such polypeptides are abundant in 
the ER, but the presence of the invariant chain 
prevents their association with class II MHC mole- 
cules. 

4. The invariant chain also directs newly formed 
class II MHC molecules to specialized endosomal/ 
lysosomal organelles where internalized proteins are 
proteolytically degraded into peptides. In the ER, N- 
linked oligosaccharides are added to the newly 
translated class II MHC a and /3 chains, the two 
chains form heterodimers, and the heterodimers 
associate with invariant chains. Subsequent to 
these events, the class II MHC -invariant chain 
complexes pass through the Golgi apparatus, 
where the oligosaccharides are further modified. 
Then the invariant chain targets the movement of 
the mature class II MHC molecules to specialized 
membrane-bound organelles of the endocytic path- 
way that contain proteolytically degraded proteins 
derived from the extracellular milieu. The invariant 
chain performs this function by virtue of certain 
amino acid sequences in its amino terminal cyto- 
plasmic tail. Immunoelectronmicroscopy and sub- 
cellular fractionation studies have been used to de- 
fine specific characteristics of this subcellular 
compartment targeted by the invariant chain. In 
macrophages, it is called the MHC class II compart- 
ment or MIIC and has the properties of a vesicle in 
transition between endosome and lysosome, in- 
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eluding high density and a characteristic multivesi- 
culated appearance. In some B cells, a similar but 
less dense organelle containing invariant chain and 
class II MHC has been identified and named the 
class II vesicle (CUV). These organelles likely rep- 
resent specialized branch points in the vesicular 
transport pathways that allow newly formed class 
II MHC molecules on their way to the cell surface 
to become exposed to endocytically derived pep- 
tides. Thus, the invariant chain plays a key role in 
getting MHC molecules to the same place as peptides 
derived From extracellular protein antigens. 

5. Within the MIIC/CIIV compartment, the invari- 
ant chain is removed from class II MHC molecules by 
the combined action of proteolytic enzymes and the 
HLA-DM molecule (see Fig. 6-7). Since the invariant 
chain blocks access to the peptide-binding groove 
of a class II MHC molecule, it must be removed 
before complexes of peptide and class II MHC can 
form. The same proteolytic enzymes that generate 
peptides from internalized proteins also act on the 
invariant chain in a stepwise fashion, leaving only 
a 24 amino acid remnant called class II-associated 
invariant chain peptide (CLIP). X-ray crystallo- 
graphic analysis has shown that the CLIP peptide 
sits in the peptide-binding cleft in the same way 
that other peptides bind to class II MHC molecules. 
Therefore, removal of CLIP is required before ac- 



cess is provided to peptides from extracellular 
proteins. This is accomplished by the action of a 
molecule called HLA-DM (or H-2M in the mouse), 
which is encoded within the MHC and has a struc- 
ture very similar to that of class II MHC molecules. 
HLA-DM molecules differ from class II MHC mole- 
cules in several respects: they are not polymor- 
phic, they do not necessarily associate with invari- 
ant chain, they are not expressed on the cell 
surface, and their subcellular distribution is dis- 
tinct from class II MHC molecules. Nonetheless, 
HLA-DM is found in the MIIC compartment. Mutant 
cell lines which lack DM are defective in present- 
ing peptides from extracellularly derived proteins. 
When class II MHC molecules are isolated from 
these DM-mutant cell lines, they are found to have 
almost exclusively CLIP peptides in their peptide- 
binding clefts, consistent with a role for DM in 
removing CLIP. In vitro studies have confirmed that 
HLA-DM acts as a peptide exchange molecule, facil- 
itating the removal of CLIP and the addition of 
other peptides to class II MHC molecules. Predict- 
ably, DM gene knockout mice have profound de- 
fects in class II MHC -restricted antigen presenta- 
tion. 

6. Once CLIP peptides are removed, peptides 
generated by proteolytic cleavage of extracellularly 
derived protein antigens bind to class II MHC mole- 
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cules. Although initial studies of the physical inter- 
action of peptides with class II MHC molecules in- 
dicated a very slow association rate, requiring up 
to 48 hours to achieve saturation, more recent 
analyses indicate that HLA-DM greatly enhances 
this process, so that peptides can form stable 
complexes with class II MHC molecules within 20 
minutes. Since the ends of the class II MHC pep- 
tide-binding cleft are open, large peptides or even 
unfolded whole proteins may bind, yet the size of 
peptides eluted from cell surface class II MHC mol- 
ecules is restricted to between 10 and 30 amino 
acids. It is possible, therefore, that proteolytic en- 
zymes "trim" bound polypeptides to the appropri- 
ate size for T cell recognition after the polypep- 
tides bind to class II MHC molecules. 

7. Peptide binding to class II MHC molecules sta- 
bilizes the a/3 heterodimer, and the peptide dissocia- 
tion rate is extremely slow. The ability of peptide to 
increase the tightness of association of the class II 
MHC a and /3 chains serves to increase the likeli- 
hood that only properly loaded peptide-MHC com- 
plexes will survive long enough to get displayed on 
the cell surface. A similar phenomenon occurs in 
class I MHC assembly. The long life of a peptide- 
MHC complex increases the chance that a T cell 
specific for such a complex will make contact, 
bind, and be activated by that complex. 

8. Stable peptide<lass II MHC complexes are de- 
livered to the cell surface by membrane fusion with 
exocytic vesicles, and they are displayed there for 
surveillance by CD4 + T cells. 

Only a very small fraction of cell surface pep- 
tide-MHC complexes will contain the same peptide. 
Furthermore, most of the bound peptides will be 
derived from normal self proteins, since there is 
no mechanism to distinguish self from foreign pro- 
teins in the process that generates the peptide- 
MHC complexes. This has been demonstrated by 
amino acid analysis of peptides eluted from class II 
MHC molecules purified from B cells grown in tis- 
sue culture. Most of these peptides were derived 
from self proteins. These findings raise two impor- 
tant questions. First, if individuals process their 
own proteins and present them in association with 
their own class II MHC molecules, why do we nor- 
mally not develop immune responses against self 
proteins? It is likely that self-tolerance is mainly 
due to the absence or inactivation of T cells capa- 
ble of recognizing and responding to self antigens, 
and this is why self peptide-MHC complexes do not 
normally induce autoimmunity (see Chapters 8 and 
19). Second, how can a T cell recognize and be 
activated by specific foreign antigen when it en- 
counters an APC surface that is predominantly dis- 
playing self-peptide-MHC complexes? The answer 
lies in part with the extraordinary sensitivity of T 
cells for specific peptide-MHC complexes. It has 
been estimated that as few as 100 to 200 com- 
plexes of a particular peptide with a particular alle- 
lic form of class II MHC molecule on the surface of 



an APC can lead to activation of a T cell. This 
represents less than 0.1 per cent of the total num- 
ber of class II molecules likely to be present on the 
surface of the APC, most of which would be occu- 
pied with self peptides. In fact, the indiscriminate 
ability of the APC to internalize, process, and 
present the heterogeneous mix of self and foreign 
extracellular proteins ensures that the immune 
system will not miss transient or quantitatively 
small exposures to foreign antigens. Furthermore, 
there is evidence that a single T cell will sequen- 
tially engage multiple peptide-MHC complexes until 
achieving a sufficient threshold of activating sig- 
nals (see Chapter 7). 

Although the bulk of experimental evidence 
supports the model described above for the gener- 
ation of most class II MHC-peptide complexes, 
there are potentially important alternate intracellu- 
lar pathways for the generation of these complexes 
that may be immunologically significant. First, it is 
possible that cell surface class II molecules may be 
recycled by internalization into endosomes, where 
they bind newly generated peptide fragments of' 
internalized protein. This process would likely re- 
quire an exchange of previously bound peptides 
with the new ones. Second, there are exceptions to 
the general case that class II MHC molecules bind 
peptides derived from internalized exogenous pro- 
teins. Cell surface complexes of class II MHC mole- 
cules with peptides derived from endogenously 
synthesized proteins have been detected both by 
T cell responses to such proteins and by direct 
analysis of eluted peptides from cell surface-de- 
rived class II MHC molecules. In some cases, this 
may result from a normal cellular pathway for the 
turnover of cytoplasmic contents, referred to as 
autophagy. In this pathway, cytoplasmic contents 
are entrapped within ER-derived membrane vesi- 
cles called autophagosomes, these vesicles fuse 
with Iysosomes, and the cytoplasmic proteins are 
proteolytically degraded. The association of the 
peptides generated by this route would require 
movement of the peptides to a class II -bearing 
vesicular compartment, as described previously for 
trafficking of exogenously derived peptides. In ad- 
dition, some peptides that associate with class II 
MHC are derived from endogenously synthesized 
membrane proteins. Before they are expressed on 
the surface, these proteins may have ready access 
to class II MHC molecules because they would be 
synthesized and transported through the same ER- 
Golgi compartments as the membrane-bound class 
II MHC molecules themselves. How such membrane 
proteins are processed is currently unknown. It is 
also possible that after cell surface expression, 
membrane proteins may reenter the cell by the 
same endocytic pathway as exogenous proteins. In 
this way, peptides derived from virally encoded 
membrane proteins may enter the class II-MHC 
pathway of antigen presentation. This is a theoreti- 
cally important way in which viral antigen-specific 
CD4 + helper T cells may be activated. 
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MECHANISMS OF ANTIGEN PRESENTATION TO 
CLASS I MHC- RESTRICTED CD8 + T CELLS 

As we have mentioned previously, CD8+ T 
cells, most of which are CTLs, recognize peptides 
that are usually derived from protein antigens that 
are synthesized within APCs, processed, and sub- 
sequently expressed on the APC surface m associa- 
tion with class 1 MHC molecules. Examples of en- 
dogenously synthesized foreign proteins are viral 
proteins and the products of mutated or dysregu- 
lated genes in tumor cells. CTLs are the princ.pal 
immunologic defense mechanisms gainst viruses 
and may be important in the immune destruction 
of tumcL in contrast to the restricted expression 
of class II MHC molecules, almost all cells express 
class I MHC molecules and have the ability to dis- 
play peptide antigens in association with these 
KHC nicules on the cell surface. This ensure 
that any cell synthesizing viral or mutant pioteins 



can be marked for recognition and killing by CD8 
CTLs As is the case with class II MHC -associated 
antigen presentation, generation of peptide-class 
MHC complexes is a continuous normal function ot 
cells which does not discriminate between foreign 
and 'self proteins. This portion of the chapter de- 
scribes the known features of the generation o 
peptide-class I MHC complexes on the surface of 
cells. The principal steps in this pathway are as 
follows (Fig. ; 6- 8): 

1 Synthesis of protein antigens in the cytosol 
or delivery of protein antigens into the cytosol 

2. Proteolytic degradation of cytosolic pro- 
teins into peptides 

3. Transport of peptides into the ER 

4. Assembly of peptide-class 1 MHC com- 
plexes within the ER 

5. Expression of peptide-class I MHC com- 
plexes on the cell surface 



FIGURE 6-8. The class I ma- 
jor histocompatibility complex 
(MHC) pathway of antigen pre- 
sentation. TAP, transporter as- 
sociated with antigen presenta- 
tion; ER, endoplasmic reticulum; 
/Smi, ft microglobulin. 
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Entrv of Cytosolic Proteins Into the Class 
-MHC Pathway of Antigen Presentation 

^SnfSXaL £L cytosol. Several 
j£ e s of evidence support this. 

i j{ a viral protein, such as influenza nucleo- 
n.ntein or a protein like ovalbumin, is added in 
P nS ble form to a cell that expresses class and 
dass I MHC molecules, the antigen is internalized 
oroce sed %nd presented only in associa ion with 
dass II MHC molecules. Such exogenously added 
Sens will be recognized by class II -restricted, 
!S .pacific CD4 + T cells but will not sensitize 
to tsis by CD8 + T cells. On the other 
hand if the gene encoding the viral protein or 
Ovalbumin is transfected into the APCs so that the 
Sen is synthesized on polyribsomes in the cyto- 
so the celf becomes sensitive to lysis by specific 
class I-restricted CD8 + T cells (see Fig. 6-3). 

2 If an antigen is introduced into the cyto- 
plasm of a cell by making the plasma membrane 
Transiently permeable to macromolecules or by 
membrane fSsicn of an APC with lipid vesicles con- 
Sng the protein, the antigen is subsequently 
processed and peptides associate only with class I 
MHC molecules (see Fig. 6-3). 



The significance of having cytosolic proteins 
enter the class 1 MHC pathway of antigen presenta- 
tion lies in the fact that endogenously synthesized 
foreign or mutant proteins will be present in the 
cvtosol, and therefore will target cells for lysis by 
CD8 + class I MHC-restricted CTL. For example, vi- 
ruses encode RNA transcripts, which are trans- 
lated into foreign proteins in the host cell cyto- 
plasm. Therefore, peptides derived from vira 
protein antigens end up being displayed on class 1 
MHC molecules on the surface of virally infected 
cells. This enables class I MHC -restricted CD8 
cytolytic T cells to recognize the virally .infected 
cells and destroy them. Since virtually all nucle- 
ated cells express class I MHC, any virus-infected 
cell is susceptible to CTL-mediated lysis. Similarly, 
CTLs may be important in recognizing and killing 
cancer cells, which often express mutated genes or 
unmutated genes that are not expressed in normal 
adult cells (see Chapter 18). The products of such 
endogenous genes may be expressed in the 
cytosol. In addition, some intracellular microbes, 
such as mycobacteria, reside for long periods 
of time within phagocytic vesicles. It is possible 
that there will be some breakdown in the mem- 
brane barrier of these vesicles, resulting in the mi- 
crobial proteins leaking into the cytoplasm, and 
thus gaining access to the class I MHC pathway of 
antigen presentation. Alternatively, there may be 
specific transport mechanisms that deliver pro- 
teins or peptides from these vesicles to the cyto- 
plasm. 



Processing of Cytosolic Antigens 

The intracellular mechanisms that generate an- 
tigenic peptides which bind to class I MHC mole- 
cules are very different from the mechanisms de- 
scribed earlier for peptide-class II MHC molecule 
associations. This is evident from the observations 
that the agents that raise endosomal and lysoso- 
mal pH, or directly inhibit endosomal proteases, 
block class II- but not class I-associated antigen 
presentation. 

Peptides that bind to class I MHC molecules are 
proteolytically generated in the cytoplasm prior to 
entry into the exocytic pathway that delivers the 
peptide -MHC protein complex to the cell surface. 
This conclusion is supported by a variety of exper- 
imental observations. 

1 A cell infected with a virus becomes sensi- 
tized to lysis by virus-specific CTLs; this is be- 
cause the cell displays peptides derived from viral 
proteins in association with class I MHC molecules 
on the cell surface. Some of these proteins, such 
as influenza nucleoprotein, are neither membrane 
bound nor secreted, i.e., they do not gain access 
to exocytic pathways in their intact form. Further- 
more the genes encoding viral membrane proteins 
can be altered to eliminate the membrane insertion 
sequences. When these genes are transfected into 
cells, the encoded proteins cannot gain access to 
the ER and exocytic pathway, yet peptides from 
these proteins are still presented to CD8 + CTLs. 

2 When peptide epitopes for CTL recognition 
are synthesized directly in the cytoplasm of a cell 
as products of transfected minigenes, the cell be- 
comes sensitized for lysis. This implies that pep- 
tides generated in the cytoplasm have direct ac- 
cess to the exocytic pathway for cell surface 
expression of class I MHC molecules. 



A major mechanism for the generation of pep- 
tides from cytosolic protein antigens is proteolysis in 
the proteasome, a large multiprotein complex with 
a broad range of proteolytic activity that is found 
in the cytoplasm of most cells. A 700 kD form of 
proteasome appears as a cylinder composed of a 
stacked array of four inner and four outer rings, 
with each ring composed of seven distinct sub- 
units The subunits of the inner rings are the cata- 
lytic sites for proteolysis. A larger, 1500 kD protea- 
some is likely to be most important in vivo and is 
composed of the 700 kD structure plus several ad- 
ditional subunits that regulate proteolytic activity. 
Two catalytic subunits present in many 150U kD 
proteasomes, called LMP2 and LMP7 are encoded 
by genes in the MHC (see Chapter 5). Both LMP2 
and LMP7 expression are upregulated by IFN-% 
leading to an increase in the number of protea- 
somes containing these subunits. The proteasome 
performs a basic housekeeping function in cells by 
degrading many different cytoplasmic proteins. For 
example, NF-kB activation is dependent on protea- 
somal degradation of kB (see Box 4-4, Chap- 
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ter 4). Proteins are targeted for proteasomal degra- 
dation by covalent linkage of several copies of a 
small polypeptide called ubiquitin. This process of 
polyubiquitination requires adenosine triphosphate 
(ATP) and a variety of enzymes. Several lines of 
evidence suggest that the proteasome, and proba- 
bly ubiquitination, are involved in antigen process- 
ing for the class I MHC pathway of antigen presen- 
tation. 

1. In some experimental situations, inhibition 
of the enzymes required for ubiquitination also in- 
hibits the presentation of cytoplasmic proteins to 
class I MHC -restricted T cells specific for a pep- 
tide epitope of that protein. 

2. Modification of proteins by attachment of 
an N-terminal sequence which is recognized by 
ubiquitin-conjugating enzymes leads to enhanced 
ubiquitination and more rapid class I MHC-associ- 
ated presentation of peptides derived from those 
proteins. 

3. Specific inhibitors of proteasomal function 
such as peptide aldehydes, block presentation of a 
cytoplasmic protein to class I MHC -restricted T 
cells specific for a peptide epitope of that protein. 

4. Proteasomes typically generate peptides be- 
tween five and 11 amino acids long, which includes 
the lengths that best fit the peptide-binding clefts 
of class I MHC molecules. 

5. The specificity of proteolysis by LMP-2- 
and LMP-7- containing proteasomes from IFN-y- 
treated cells favors the generation of peptides with 
C-terminal basic or hydrophobic amino acid resi- 
dues, which are typical of many class I MHC -bind- 
ing peptides. 

There are many examples of protein antigens 
that apparently do not require ubiquitination or 
proteasomes in order to be presented by the class 
I MHC pathway. In some cases this may reflect the 
fact that other, less well-defined mechanisms of cy- 
!°™oo m ' C P roteol y sis ex 'st. In addition, some class 
1 MHC-bindmg peptides may be generated by pro- 
teolytic enzymes resident in the ER. For example 
peptides from secretory proteins with hydrophobic 
signal sequences are often found associated with 
class I MHC molecules. These proteins are targeted 
directly to the ER during translation and therefore 
may bypass cytoplasmic degradation. 

Delivery of Peptides From Cytoplasm to the ER 

Class I MHC molecules are assembled in the 
ER, and this process is dependent on peptides 
Since peptides generated in the cytosol are pre- 
sented by class I MHC molecules, a mechanism 
must exist for delivery of cytosolic peptides into 
the ER. The initial insights into this mechanism 
came from studies of cell lines that are defective in 
assembling and displaying peptide-class I MHC 
complexes on their surfaces. The mutations re- 
sponsible for this defect turned out to involve two 
genes in the MHC, which are homologous to a fam- 



ATO°i g6neS 1 encode Proteins that mediate 
A IP-dependent transport of low molecular weight 
compounds across intracellular membranes The 
two genes in the MHC that belong to this family 
encode proteins called transporter associated with 
antigen presentation-1 or TAP-1, and TAP-2. TAP-1 
and TAP-2 form heterodimers, which are localized 
in the ER and m-Golgi (Fig. 6-8). In this location 
they mediate the active, ATP-dependent transport 
of peptides from the cytosol into the ER lumen 
Although the TAP heterodimer has a broad ranee 
of specificities, it optimally transports peptides 
ranging from eight to 12 amino acid residues long 
and therefore delivers to the ER peptides of the 
right size for binding to class I MHC molecules 
Mice with targeted disruptions of the genes encod- 
ing TAP-1 or TAP-2 show defects in class I MHC 
expression and cannot effectively present proteins 
to class I MHC -restricted T cells. Rare examples of 
human TAP-2 gene mutations have also been iden- 
tified, and predictably, the patients carrying these 
mutant genes also show defective class I MHC- 
associated antigen presentation. 

Assembly and Surface Expression of 
Peptide-Class I MHC Complexes 

The actual assembly and surface expression of 
stable class I MHC molecules require the presence 
of peptides. A variety of experimental data have 
indicated a particular sequence of events in assem- 
bly and expression of peptide-class I MHC com- 
plexes: 

1. The class I MHC a chain and /3 2 microglobu- 
lin are synthesized on the rough ER and trans- 
ported into the smooth ER as separate polypeptide 
chains. v 

2. The a chain associates with molecular 
chaperones, which prevent degradation and pro- 
mote proper folding of the protein. Two chaper- 
ones that are known to associate with the a chain 
in the ER are BiP, a member of the heat shock 
protein family, and calnexin. 

3. /3 2 microglobulin binds to partially or com- 
pletely folded a chain and the chaperones dissoci- 
ate. These newly formed a chain-ft microglobulin 
dimers are unstable and cannot be transported ef- 
ficiently out of the ER. 

4. The a chain-/3 2 microglobulin dimers move 
to and become physically associated with the lu- 
minal aspects of the TAP proteins within the ER 
This close association ensures that peptides trans- 
ported into the ER by the TAP bind to the associ- 
ated empty class I MHC molecules. It is also possi- 
ble that the TAP association promotes further 
folding of the a chain and /3 2 microglobulin. 

5. Peptide binding to the class I molecule 
greatly enhances its stability and causes its release 
from the TAP protein. 

6. Stable peptide-class I MHC complexes now 
move through the Golgi, where the MHC molecules 
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undergo further carbohydrate modification, and 
then they are transported to the cell surface by 
exocytic vesicles. Surface complexes can now be 
recognized by CD8 + T cells. 

The requirement for peptides in class I MHC 
assembly has been clearly shown by analysis of 
TAP-deficient cells (either mutant cell lines or cells 
from TAP-1 gene knockout mice), which express 
significantly reduced levels of surface class I MHC 
(Fig. 6-9). Since TAP delivers peptides to the ER, 
these findings suggest that peptides in the ER are 
required for class I MHC assembly. Those class I 
MHC molecules that do get expressed in TAP-defi- 
cient cells have bound peptides that are mostly 
derived from signal sequences of proteins destined 
for secretion or membrane expression. These sig- 
nal sequences are cleaved off and degraded to 
peptides within the ER during translation, without 
a requirement for TAP. There are two reasons why 
peptides transported into the ER preferentially 
bind to class I and not class II MHC molecules. 
First, as we have discussed, newly formed class I 
MHC molecules are bound to the luminal aspect of 
the TAP complex. Second, as mentioned previ- 
ously, in the ER the class II MHC-peptide-binding 
cleft is blocked by the invariant chain, 

The sequence of events in class I MHC mole- 



FIGURE 6-9. T-^I 1 <$cik 
ucts are required for assembly 
aad cell surface expression os 
peptide-class 1 major histo 
compatibility (MHC) com 
plexes. A cell line with a 
nonfunctional TAP-2 gene ex- 
presses very few surface class 1 
MHC molecules. The peptides 
bound to these few surface 
class 1 MHC molecules are pre- 
dominantly derived from the 
signal sequences of membrane 
or secreted proteins. The addi- 
tion of high doses of peptides 
can induce some class I MHC 
molecule assembly and expres- 
sion. In this case, it is nol 
known whether the assembly of 
the peptide-class 1 complexes 
occurs at the cell surface or in- 
tracellularly. When a functional 
TAP-2 gene is translected into 
the cell line, normal assembly 
and expression of peptide-class 
1 MHC molecules are restored. 



cule assembly which we have discussed ensures 
that only properly folded, peptide-loaded class I 
MHC molecules are displayed for T cell surveil- 
lance. A few empty class I MHC complexes do 
make it out to the cell surface, but these are unsta- 
ble and rapidly dissociate. It is, of course, likely 
that there are other steps involved in this pathway 
that are not yet resolved, and it is also possible 
that alternate pathways may exist. Nonetheless, 
the effects of mutations and inhibitors of this path- 
way, as discussed, indicate that it is critical for 
normal immune function. Furthermore, the impor- 
tance of this pathway to anti-viral immunity is 
demonstrated by the evolution of viral mecha- 
nisms that interfere with it. For example, herpes 
simplex virus produces a protein, called ICP47, 
that effectively plugs up the TAP pore through 
which peptides are delivered to the ER and thus 
prevents presentation of viral antigens to T cells 
(see Chapter 16). 

PHYSIOLOGIC SIGNIFICANCE OF 
MHC-ASSOCIATED ANTIGEN PRESENTATION 

So far we have discussed the specificity of 
CD4 1 and CD8 ' T lymphocytes for MHC-associated 
foreign protein antigens and the mechanisms by 
which complexes of peptides and MHC molecules 
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erti^ S r e± J here / re seve ral fundamental prop- 
erties of T cell-mediated immune responses that 

nan C ° n S UenCeS ° f the fact that T cells only rec- 
ognize MHC-assoc,ated antigens. In this section, we 
will consider the impact of MHC-associated ant gen 
presentation on the role that T cells play in pro" 
tertive immunity, the nature of T cell responses to 
different antigens, and the limitations of what T 
cells will recognize in protein antigens. 

T Cell Surveillance for Foreign Antigens 

f i A . S we discussed throughout this chapter, both 
the class I and class II MHC pathways of antigen 
Presentation sample pools of predominantly normal 

uL\ T f °l diSplQy f ° the 7 ce(l repertoire, 
which surveys these samples for the rare foreign or 
mutant peptide The recent advances in our under- 
standing of how peptide-MHC complexes are 
formed confirm that MHC molecules are scaffolds 
for peptide display to the immune system and that 
nil fl Pr °f SSi ?, g P athwa y s h ave evolved to sam- 
ple both extracellular and intracellular proteins in 
order to supply the peptides. The specialized c a s 
MHC-express.ng APCs have various characteris- 
tics, such as the phagocytic activity of macro- 
Snf 5 ' ^ hi f- affin »y ^ antigen receptors on B 
dr f; Zn u°1 g ^P 1 ^ Processes of den- 
ful TrJa f Whlch M enable them to encounter the 
full range of possible extracellular protein antigens 
The convergence of the endocytic pathways in 

MHC Si W,th eX ° CytiC pathwa y of II 
MHC expression ensures that peptides derived 
from these extracellular antigens will be displayed 

CM ?'n T h rfaCe , f0r P ° SSible recognition by 
CD4 T cells The widespread expression of class I 
^ C . in pleated cells, and the pathway of pep- 
tide loading of class I MHC molecules which Is 
linked to a ubiquitous mechanism for degrading 
ceHular proteins ensures that peptides from virtu 
S lntr acellular protein will be displayed for 
possible recognition by CD8 + T cells Superim- 

s P en S mv 0n ^'f SySt ( ei ? ° f antigen Presentation is a 
sensitive system of T cell surveillance of the dis- 
played peptides, which is based on continuous re- 
gulation of T cells to sites of APCs throughout 
the body and the exquisite sensitivity of T cells 

ffSSfr '? reSP ° nd t0 SmaI1 numbers of P^ 
t.de-MHC complexes. Thus, the paradox that anti- 
gen presentation mechanisms overwhelmingly dis- 

SheT? Sel J fu epUdeS iS aCtUal 'y fu "damental 
o the ability of the immune system to find rare 
foreign protein antigens. 



antigens associated with other cells fthe APCs^ 

a i!n<= ar ™ UnreSP0nSiVe t0 S0lubIe or circulating pro- 
teins. This unique specificity for cell-bound antigens 
^ essential for the functions of T lymphocytes which 
are largely mediated by cell-cell interactions and by 

hefoer" T 2? **¥ F ° r instance - 

helper T cells activate B cells and macrophages 

are ZTofT' ^.^ rn P boc ytes and macrophages 

dass 7 MT^ PnnC1 f Pal Cdl types that ™P™s 
class II MHC genes, function as APCs for CD4+ 
helper T cells, and focus helper T cell effects to 
their immediate vicinity. Similarly, CTLs can lvse 
any nucleated cell producing a foreign antigen and 
all nucleated cells express class I MHC mcfecu£ 
which are the restricting elements for antigen rec- 
ognition by CD8 + CTLs. H 

2. The Waging of endosomal versus cytoplas- 
mic proteins to class II or class I MHC pathways of 
T U u T entati ? dete ™ines which subsefs of 
T cells will respond to antigens found in those two 
pools of proteins (Fig. 6-10). Extracellular antigens 
usually end up in the endosomal pool and actfvate 
class II-restricted CD4 + T cells. These cells unc- 
tion as helpers to stimulate effector mechanisms 

eLin a l ant i b0di n S , and P^^s that served 
eliminate extracellular antigens. Conversely, endo- 
genously synthesized antigens are present in the 
cytoplasmic pool of proteins and usually activate 
class I-restricted CD8 + CTLs. These lymphocytes 
lyse cells producing intracellular antigens. Thus 
antigens from microbes that reside in different loca- 
Tm^TffV^ 6 , ^ PoP^tions tat 

crobT Qt elminatin § that VPe of mi- 



The Nature of T Cell Responses 

tation^o T^.r Understandin S of antigen presen- 
tation to T cells, we can now explain other physio- 
logic consequences of MHC-restricted antigen rec- 
ognition that were introduced in Chapter 5 

ateri^nHH 1186 T ° ellS reco § nize only MHC-associ- 
ated peptide antigens, they can respond only to 



jenkity of Protein Antigens 

n \nu H ? m ° lecules ma y determine the immunoge- 
nic^ of protein antigens in two related ways: 

1. The immunodominant epitopes of complex 
to MHC Z?*? tke ? e P tides bind mostZdfy 
to MHC molecules. If an individual is immunized 
with a multideterminant protein antigen, S many 
instances the majority of the responding T™!s 
are specific for one or a few linear amino add 
sequences of the antigen. These are called the "im- 
munodominant" determinants or epitopes. For Z- 
stance, in H-2* mice immunized with hen egg Ivsn 
zyme (HEL), more than half the HEl" pecific T~ 

dues 46 e fi , SP o e f C Hp C , f ° r epit ° pe f ° rmed V r esi- 
nnt , h f L H ? L T associa tion with the I-A" but 
h h ? , E LT ,eCule - This is beca "se HEL(46-61) 
binds to I-A' better than do other HEL peptides 
and does not bind to I-E*. However, it is not yet 
known exactly which structural features of a pep- 
tide determine immunodominance. As mentioned 
earlier, for class I-restricted antigen presentation 
immunodominant peptides are required to have 
ammo acid residues whose side chains fit imo 

cTdt C 0m 0 L th f r lec ^-peptid e -binding 
cleft. Common features of immunodominant pep 
tides for class II MHC-restricted antigen presenta- 
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A CLASS II MHC-ASSOCIATED PRESENTATION OF EXTRACELLULAR ANTIGEN TO 
HELPER T CELLS 




MACROPHAGE 
ACTIVATION: 
PHAGOCYTOSIS 
OF ANTIGEN 



BCELL 
ANTIBODY SECRETION: 
ANTIBODY BINDING 
TO ANTIGEN 



B CLASS I MHC-ASSOCIATED PRESENTATION OF ENDOGENOUSLY SYNTHESIZED ANTIGEN TO 
CYTOLYTIC T LYMPHOCYTES 




LYSIS OF 

ANTIGEN-EXPRESSING 
TARGET CELL 



FIGURE 6-10. Presentation of exogenous and endogec 
patibility complex. 



s protein antigens to different subsets of T cells. MHC, major histocom- 



tion are less well defined. The question is an im- 
portant one because an understanding of these 
features may permit the efficient manipulation of 
the immune system with synthetic peptides. An ob- 
vious application of such knowledge is the design 
of vaccines. For example, a protein encoded by a 
viral gene could be analyzed for the presence of 
amino acid sequences that would form a typical 
immunodominant secondary structure capable of 
binding to MHC molecules with high affinity. Vac- 
cines composed of synthetic peptides mimicking 
this region of the protein theoretically would be 
effective in eliciting T cell responses against the 
viral peptide expressed on an infected cell, thereby 
establishing protective immunity against the virus. 

2. The expression of particular class II MHC al- 
leles in an individual determines the ability of that 
individual to respond to particular antigens. The 
phenomenon of immune response (Ir) gene-con- 
trolled immune responsiveness was mentioned in 
Chapter 5. We now know that Ir genes that control 
antibody responses are class II MHC genes. They 
influence immune responsiveness in part because 
various allelic class II MHC molecules differ in their 
ability to bind different antigenic peptides and, 



therefore, to stimulate specific helper T cells. For 
instance, H-2 k mice are responders to HEL(46-61), 
but H-2 d mice are non-responders to this epitope. 
Equilibrium dialysis experiments have shown that 
HEL(46-61) binds to I-A k but not to I-A d molecules. 
A possible molecular basis for this difference in 
MHC association is suggested from the model of 
the class II molecule and the known amino acid 
sequences of I-A k and I-A d proteins. If the HEL(46- 
61) peptide is hypothetically placed in the pre- 
dicted binding cleft of the I-A k molecule, charged 
residues of the HEL peptide become aligned with 
oppositely charged residues of the MHC molecule. 
This would presumably stabilize the bimolecular 
interaction. In contrast, the I-A d molecule has dif- 
ferent amino acids in the binding cleft that would 
result in the aligning of like-charged residues with 
the HEL peptide. Therefore, HEL(46-61) would not 
bind to or be presented in association with 
I-A d , and the H-2 d mouse would be a non-respon- 
der. Similar results have been obtained with nu- 
merous other peptides. MHC-linked immune re- 
sponsiveness may also be important in humans. 
For instance, Caucasians who are homozygous for 
an extended HLA haplotype containing HLA-B8,DR3, 
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DQw2a are low responders to hepatitis B virus sur- 
face antigen. Individuals who are heterozygous at 
this locus are high responders, presumably be- 
cause the other alleles contain one or more HLA 
gene that confers responsiveness to this antigen. 
Thus, HLA typing may prove to be valuable for 
predicting the success of vaccination. These find- 
ings support the determinant selection model of 
MHC-Iinked immune responses. This model, which 
was proposed many years before the demonstra- 
tion of peptide-MHC binding, states that the prod- 
ucts of MHC genes in each individual select which 
determinants of protein antigens will be immuno- 
genic in that individual. We now understand the 
structural basis of determinant selection and Ir 
gene function in antigen presentation. Most Ir gene 
phenomena have been studied by measuring 
helper T cell function, but the same principles ap- 
ply to CTLs. Individuals with certain MHC alleles 
may be incapable of generating CTLs against some 
viruses. In this situation, of course, the Ir genes 
may map to one of the class I MHC loci. 

Although these concepts are based largely on 
studies with simple peptide antigens and inbred 
strains of mice, they are also relevant to the un- 
derstanding of immune responses to complex mul- 
tideterminant protein antigens in outbred species. 
It is likely that all individuals will express at least 
one MHC molecule capable of binding at least one 
determinant of a complex protein, so that all indi- 
viduals will be responders to such antigens. As 
stated in Chapter 5, this may be the evolutionary 
pressure for maintaining MHC polymorphism. 

This discussion of the influence of MHC gene 
products on the immunogenicity of protein anti- 
gens has focused on antigen presentation and has 
not considered the role of the T cells. We have 
mentioned earlier that the exquisite specificity and 
diversity of antigen recognition are attributable to 
antigen receptors on T cells. MHC-linked immune 
responsiveness is also dependent, in part, on the 
presence and absence of specific T cells. In fact, 
some peptides may bind to MHC molecules in a 
particular inbred mouse strain but do not activate 
T cells in that strain. It is likely that these mice 
lack T cells capable of recognizing the particular 
peptide-MHC complexes. Thus, Ir genes may func- 
tion by determining antigen presentation or by shap- 
ing the repertoire of antigen-responsive T cells. The 
development of the T cell repertoire and the role 
of the MHC in T cell maturation are discussed in 
Chapter 8. 



SUMMARY 

T cells recognize antigens only on the surface 
of accessory cells in association with the products 
of self MHC genes. CD4 + helper T lymphocytes rec- 
ognize antigens in association with class II MHC 



gene products (class II MHC -restricted recogni- 
tion), and CD8 + CTLs recognize antigens in associ- 
ation with class I gene products (class I MHC- 
restricted recognition). Antigen processing consists 
of the introduction of protein antigens into APCs, 
the proteolytic degradation of these proteins into 
peptides, the binding of peptides to newly assem- 
bled MHC molecules, and the display of the pep- 
tide-MHC complexes on the APC surface for poten- 
tial recognition by T cells. Antigen-processing 
pathways in APCs utilize basic cellular proteolytic 
mechanisms, which also operate independent of 
the immune system. Both extracellular and intra- 
cellular proteins are sampled by these antigen-pro- 
cessing pathways, and peptides derived from both 
normal self proteins and foreign proteins are dis- 
played by MHC molecules for surveillance by T 
lymphocytes. Specialized APCs, including macro- 
phages, B lymphocytes, and dendritic cells, inter- 
nalize extracellular proteins into endosomes for 
processing by the class II MHC pathway. These 
proteins are proteolytically cleaved by enzymes 
that function at acidic pH in vesicles of the endo- 
somal pathway. Newly synthesized class II MHC 
heterodimers associate with the invariant chain 
and are directed from the ER to the endosomal 
vesicles, where the invariant chain is proteolytic- 
ally cleaved, and a small peptide remnant of the 
invariant chain is removed from the peptide bind- 
ing cleft of the MHC molecule by the DM mole- 
cules. The peptides generated from extracellular 
proteins then bind to the class II MHC molecule, 
and the trimeric complex (class II MHC a and /3 
chains and peptide) moves to the surface of the 
cell. Cytosolic proteins, usually synthesized in the 
cells, such as viral proteins, enter the class I MHC 
pathway of antigen presentation. The proteasome 
is a cytoplasmic multiprotein complex which pro- 
teolytically degrades ubiquitinated cytoplasmic 
proteins and probably generates a large part of the 
peptides destined for display by class I MHC mole- 
cules. Peptides are delivered from the cytoplasm 
to the ER by the TAP molecules. Newly formed 
class I MHC dimers in the ER associate with and 
bind peptides delivered by TAP. Peptide binding 
stabilizes class I MHC molecules and permits their 
movement out of the ER, through the Golgi, to the 
cell surface. These pathways of MHC-restricted an- 
tigen presentation ensure that most of the body's 
proteins are screened for the possible presence 
of foreign antigens. The pathways also ensure 
that proteins from extracellular microbes are likely 
to generate peptides bound to class II MHC mole- 
cules for recognition by CD4 + helper T cells, while 
proteins encoded by intracellular microbes gener- 
ate peptides bound to class I MHC molecules for 
recognition by CD8 + CTLs. The immunogenicity of 
microbial proteins depends on the ability of anti- 
gen-processing pathways to generate peptides 
from these proteins which bind to self MHC mole- 
cules. 
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FIGURE 5-4. Schematic dia- 
gram of a class II major histo- 
compatibility complex mole- 
cule. Different segments are not 
shown to scale. N and C refer 
to amino and carboxy termini 
of the polypeptide chains, re- 
spectively; S--S, intrachain di- 
sulfide bonds; and T carbohy- 
drate. The papain cleavage sites 
were used to prepare the extra- 
cellular portion of class II mole- 
cules for x-ray crystallography. 
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The class II a2 and /32 segments are essentially 
nonpolymorphic among various alleles of a particu- 
lar class II gene but show some differences among 
the different genetic loci. Thus, the dl regions of 
all DR alleles are similar, but DRa2 differs from 
DPa2 and DQa2. The correlation of CD4 expression 
on T cells with specificity for class 0 MHC mole- 
cules arises from binding of the CD4 molecule with 
a projecting loop of the Ig-like nonpolymorphic /32 
domain of the class II molecules, similar to the 
interaction of CD8 with «3 of the class I heavy 
chain. 

The Ig-like regions of the class II molecules are 
probably important for non-covalent interactions 
between the two chains, although other portions 
of the polypeptide chains no doubt contribute as 
well. These interactions are quite strong and can 
be disrupted only by harsh denaturing conditions. 
In general, a chains of one locus (e.g., DR) pair 
best with ji chains of the same locus and less 
commonly with (3 chains of other loci (e.g., DQ or 
DP). 

The carboxy terminal ends of the a'l and ji'l 
segments continue into short connecting regions 
followed by approximately 25 amino acid stretches 
of hydrophobic residues that span the membrane. 
In both chains, the hydrophobic transmembrane 
region ends with a cluster of basic amino acid resi- 
dues; these are followed by the carboxv terminal 
ends of the polypeptides, which form short, hydro- 
philic cytoplasmic tails. 



The SfrecfwraS Basis @f Peptide Binding t@ ISHC 
ftdeenles 

Before considering the structural features of 
the binding of peptides to class I and class II MHC 
molecules, we will summarize the key features of 
this interaction that have been deduced from bio- 
chemical studies. 

1. The association of antigenic peptides and 
MHC molecules is a saturable, low-affinity interaction 
(K d ~ 10' 6 M) with a slow "on rate" and a ver)> slow 
"off rate. " These features were determined first by 
the techniques of equilibrium dialysis (see Chapter 
3, Box 3-3) and gel filtration using purified class II 
MHC molecules and fluorescently or radioactively 
labeled peptides. The affinity of peptide-MHC inter- 
action is much lower than that of antigen-antibody 
binding, which usually has a K d of 10 7 to 10 11 M. 
In a solution, saturation of peptide binding to class 
II MHC molecules takes 15 to 30 minutes. Once 
bound, peptides may stay associated for hours to 
many weeks! The slow on rate of association of 
peptides with class 11 1V1HC molecules suggests that 
conformational changes in both peptide and MHC 
molecule are required before stable binding oc- 
curs. Dissociation of peptides from class 1 mole- 
cules is even slower than from class II molecules 
and usually requires separation of the <v chain 
from fi-, microglobulin to occur at all. The extraor- 
dinarily slow off rales of peptide dissociation from 
MHC molecules allow peptide-MHC complexes to 
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persist long enough to interact with T cells despite 
the low affinity of the interaction. 

2. Each class I or class II MHC molecule binds 
only one peptide at a time. This was apparent from 
the analysis of peptide binding to MHC molecules 
in solution and was confirmed by the solution of 
the x-ray crystallographic structure of both class I 
and class II MHC molecules, which show peptide 
occupying a single binding cleft. 

3. Multiple different peptides can bind to the 
same MHC molecule, albeit at different times. This 
was first suggested by functional assays in which 
recognition of one peptide-MHC complex by a T 
cell could be inhibited by the addition of another 
structurally similar peptide. In these experiments, 
the MHC molecule apparently could bind different 
peptides, but the T cell recognized only one pep- 
tide-MHC complex. Definitive evidence for the abil- 
ity of a single MHC molecule to bind different pep- 
tides came from direct binding studies with 
purified MHC molecules in solution as well as the 
analyses of peptides eluted from MHC molecules 
derived from intact cells. Although a wide variety 
of peptides with diverse amino acid sequences are 
capable of binding to each MHC molecule, there 
are certain structural constraints (discussed be- 
low) that prohibit all peptides from binding to any 
individual MHC molecule indiscriminately. These 
observations, together with the limited number of 
MHC alleles expressed in each individual, support 
the hypothesis that MHC molecules show a broad 
specificity for peptide binding and that the fine speci- 
ficity of antigen recognition must reside largely in the 
antigen receptors of T lymphocytes. 

4. All of the peptides that bind to a particular 
allelic form of an MHC molecule show certain com- 
mon features that may not be shared by peptides that 
bind to other allelic MHC molecules. Examples of 
shared features are a hydrophobic residue at posi- 
tion 2 or a positively charged residue at position 7. 
Mutagenesis studies have confirmed that such mo- 
tifs are crucial for peptide binding to particular 
allelic forms of MHC molecules. 

5. There are distinct differences in the nature of 
peptides that bind to class I or class II MHC mole- 
cules. Most significantly, peptides that are eluted 
from class I molecules are typically 9 to 11 amino 
acid residues in length, whereas those eluted from 
class II molecules can range from 10 to 30 residues 
or more. 

6. The amino acid residues that vary among dif- 
ferent alleles of class I and class II MHC molecules 
are largely confined to the amino terminal peptide 
binding domains. Mutational analyses of MHC mole- 
cules confirm that many of these polymorphic resi- 
dues define the peptide binding specificity of the mol- 
ecule encoded by a particular MHC allele. Other 
polymorphic residues, also located within the amino 
terminal peptide binding domains, do not affect pep- 
tide binding but do affect T cell recognition of the 
peptide-MHC molecule complex. 



These features of the peptide-MHC interaction 
can now be explained in precise structural terms. 
For example, the a-helical sides of the cleft of class 
I MHC molecules converge at the ends of the cleft, 
limiting the size of peptides that can be accommo- 
dated within the cleft to nine or ten residues. The 
binding of an 11-residue peptide is possible, but it 
requires that the peptide bow upward in the cen- 
ter in order to be accommodated. Twelve residues 
is simply too large to fit into a class I cleft. In 
contrast, the a-helical sides of the cleft of class II 
MHC molecules do not converge, allowing bound 
peptides to extend outward from the ends of the 
cleft. Thus, peptides that bind to class II molecules 
have no maximum length. This structural differ- 
ence accounts for the observed difference in the 
size of peptides eluted from class I versus class II 
molecules. In class I MHC molecules, the charged 
amino terminal and carboxy terminal ends of the 
peptide interact electrostatically with counter- 
charges on the MHC molecule. Such interactions 
do not occur in class II molecules. 

In any given class I or class II MHC molecule, 
the characteristically conserved features of the 
peptides that bind to that allelic form of the mole- 
cule are complemented by the presence of specific 
structural features of the MHC molecule such as 
the presence of pockets in the floor of the cleft. 
These pockets are actually spaces between the 
peptide backbones of the /3-pleated strands. The 
presence or absence of a pocket is determined by 
the amino acid sequence of the /3 strands, and 
when a pocket is formed, the polymorphic resi- 
dues of the MHC molecule that form the pocket 
determine the nature of the peptide side chain that 
can fit into the pocket (e.g., hydrophobic, charged, 
etc.). Conserved peptide residues that fit into the 
pockets of the MHC molecules are called "anchor 
residues" because they are critical for attaching 
the peptide to the MHC molecule. In the initial 
structures that were solved for class I molecules, 
the anchor residues were located near the ends of 
the peptide, placing little constraint upon the pep- 
tide sequence except at the ends. Some more re- 
cent structures indicate that this feature is not uni- 
versal (i.e., anchor residues can be located in the 
middle of the peptide and interact with pockets in 
the middle of the cleft). Anchor residues make a 
strong contribution to peptide binding but are not 
the sole basis of attachment to MHC molecules. 
Some polymorphic residues in the a-helices of the 
MHC molecule make contacts with the peptide and 
may also contribute to specificity of binding. Fi- 
nally, some of the contacts between the MHC mol- 
ecule and the peptide involve non-polymorphic 
amino acid residues of the a-helices; these resi- 
dues typically interact with conserved features of 
the peptide, such as its peptide backbone, and 
do not contribute to specificity but do stabilize 
binding. 

Some peptide amino acid side chains and 
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some polymorphic residues of the a-helices point 
upward (i.e., away from the floor of the cleft). 
These residues do not contribute to peptide-MHC 
interactions but instead form the antigenic surface 
recognized by the T cell receptor. In other words, 
amino acid side chains from both peptide and MHC 
molecules contribute to T cell recognition. 

These structural studies have established the 
significance of polymorphisms within the MHC, 
namely that the polymorphic residues of MHC mole- 
cules contribute to determining the specificity of pep- 
tide binding and to determining the structure recog- 
nized by T cell antigen receptors. We conclude our 
discussion of peptide binding to MHC molecules 
with a consideration of the genetic basis of MHC 
polymorphism. On a population level, there is an 
advantage to having multiple alleles, namely that 
the presence of polymorphism decreases the likeli- 
hood that any particular microbe can escape de- 
tection by the immune systems of all individuals in 
the population by encoding proteins that cannot 
be digested into peptides capable of binding to 
some host MHC molecule. It is hard to calculate 
how significant an advantage to the population 
MHC polymorphism actually confers because, as 
we have described, the structural requirements for 
peptide binding by particular MHC alleles are fairly 
broad. Furthermore, many different allelic forms of 
MHC molecules may have very similar binding 
specificities for peptides, an observation that has 
led some investigators to divide MHC molecules 
into a limited number of "supertypes." Despite the 
obvious advantage to the population of having 
widely polymorphic MHC molecules, it has not 

FIGURE 5-5. Molecuiar map 
of the human major histocom- 
patibility complex. HLA-F, G, H, 
J, and X are class i— like mole- 
cules. This map is simplified to 
exclude other class 1-and class 
II— like genes, genes not of im- 
munologic interest, and numer- 
ous genes of unknown function. 
The pattern of class II genes 
may vary with the inherited al- 
lele. DM, TAP, and proteosome 
genes contribute to MHC mole- 
cule assembly; C2, C4A, C4B, 
and Factor B are complement 
proteins; HSP-70 is a heat shock 
protein; lymphotoxin (IT), lym- 
photoxin /3 (LT-/3), and tumor 
necrosis factor (TNF) are cyto- 
kine genes. 



been possible to demonstrate that infectious mi- 
crobes have exerted selective pressure on generat- 
ing or maintaining specific polymorphisms. Never- 
theless, specific mechanisms have evolved for 
generating new MHC molecule polymorphisms, 
which we will discuss when we consider the ge- 
nomic organization of the MHC. 

GENOMIC ORGANIZATION OF THE MHC 

Organization of the MHC Gene Loci 

In humans, the MHC is located on the short 
arm of chromosome 6. /3 2 microglobulin is encoded 
by a gene on chromosome 15. The human MHC 
occupies a large segment of DNA, extending about 
3500 kilobases (kb). (For comparison, a large hu- 
man gene may extend up to 50 to 100 kb, and 
3500 kb is the size of the entire Escherichia coli 
genome!) In classical genetic terms, it extends 
about 4 centimorgans, meaning crossovers within 
the MHC occur with a frequency of over 4 per cent 
at each meiosis. A recent molecular map of the 
human MHC is shown in Figure 5-5. Many of the 
genes found within the MHC code for proteins 
whose function is not yet known. In addition, there 
are many as yet unidentified genes, especially 
within the class I region. Remarkably, expression 
of almost all of the genes located within the MHC 
is responsive to the cytokine, interferon- y (IFN-y). 
The class II genes are located closest to the cen- 
tromere. 

A surprise from these gene-mapping studies is 
that there may be two or three functional f3 chain 
genes for some class II loci but usually only one 
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mined for many different peptides by assessing the 
effects of single amino acid substitutions on 
both T cell recognition and MHC binding (see 
Table 7-2). 

The affinity of TCR binding to peptide-MHC 
complexes is believed to be significantly lower, on 
average, than Ig binding to antigen. This may be, in 
part, due to selection processes in the thymus that 
favor development of T cells with low affinity TCRs 
(see Chapter 8). Crystallographic data also suggest 
that the TCR is a much more rigid structure than 
Ig, with less flexibility at the hinge regions or be- 
tween C and V domains. This is in keeping with 
the restricted TCR recognition of only peptide-MHC 
complexes and not Other structures. 

Whether a particular T cell is class I or class II 
MHC -restricted is generally not determined by the 
V, D, J, or C gene sequences in the a or /3 chain of 
the TCR of that cell, although there may be some 
predilection for the selective use of certain V 
genes in CD4 + versus CD8 + T cells. Overall, the 
same sets of TCR genes can be expressed in class 
I- and class II -restricted T cells. As we mentioned 
in Chapter 6 and will discuss in more detail later 
in this chapter, the ability of a particular T cell to 
respond to either class I- or class II -associated 
peptide is determined mainly by the expression of 
CD8 or CD4, respectively. 



THE CD3, C, AND rj PROTEINS ASSOCIATED 
WITH THE TCR COMPLEX 

The a/3 TCR heterodimer provides T cells the 
ability to recognize peptide antigens bound to 
MHC molecules, but both the cell surface expression 
of TCR molecules and their function in activating T 
cells are dependent on up to five other transmem- 
brane proteins that non-covalently associate with the 
a/3 heterodimer. Together, these proteins form the 



functional TCR complex (Fig. 7-5 and Table 7-1). 
Three proteins in the complex are called CD3 mol- 
ecules, and include highly homologous Ig super- 
family members designated y, 8, and e. In addition, 
80 to 90 per cent of TCR complexes contain a 
disulnde-linked homodimer of a protein called the 
f chain that does not belong to the Ig gene super- 
family. The remaining 10 per cent of human T cells 
express heterodimers consisting of the £ chain and 
the highly homologous FceRI y chain (see Chapter 
14). In mice, 10 to 20 per cent of T cells express a 
heterodimer of the \ chain and an alternative 
splice product of the £ gene called the rj chain. 
The exact stoichiometry of TCR complexes is not 
known but models have been proposed based on 
the molecular weights and molar ratios of immuno- 
precipitated TCR components, as well as consider- 
ation of charged residues in transmembrane seg- 
ments of the TCR a and j3 chains and the CD3 
chains. A likely stoichiometry of the most common 
form of TCR is (.a0) 2 e 2 yS£-£. 



Structure and Association of CD3, £ 
and r\ Proteins 

The CD3 proteins were first identified, before 
the a/3 heterodimer, by the use of monoclonal anti- 
bodies raised against T cells, and the £ and tj 
chains were identified later by co-immunoprecipita- 
tion with a/3 and CD3 proteins. The physical asso- 
ciation of the a/3 heterodimer, CD3, and £ chains 
has been demonstrated in two ways. 

1. Antibodies against the a/3 TCR heterodimer 
or the CD3 proteins co-precipitate both the hetero- 
dimer and the associated proteins from solubilized 
cell membrane preparations. 

2. When intact T cells are treated with either 
anti-CD3 or anti-a/3 heterodimer antibodies, the en- 
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Amino Acid Residue Position No. Stimulation of Competition with 

HEL-Specific Binding to Native HEL for 

61 T Cells Purified IA" T Cell Stimulation 

Arg + + NA 

Arg + + NA 

Synthetic peptides were produced that differed from the native hen egg lysozyme peptide HEL (52-61) (peptide 1) by substitutions 
for single residues, and the functional consequences of these engineered mutations were analyzed. Substitutions at positions 56 
and 53 (peptides 2 and 3) result in loss of T cell stimulation, but retain I-A binding. The amino acids at these positions in the 
native peptide are part of the epitope recognized by the T cell receptor. Substitution of residue 55 (peptide 4) results in loss of 
T cell stimulation and I-A binding. This residue is in part of the peptide that binds to the class II MHC molecule. A substitution at 
position 54 (peptide 5) has no effect, and therefore this residue is not essential for binding of the peptide to either the MHC or T 
cell receptor molecules. 

Abbreviations: MHC, major histocompatibility complex; HEL, hen egg lysozyme; NA, not applicable. 

Adapted with permission from Unanue, E. R., and P. M. Allen. The basis for the immunoregulatory role of macrophages and other 
accessory cells. Science 236:551-557, 1987. Copyright 1987 American Association for the Advancement of Science. 
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positive Wells are identified (i e , wells containing hybrid- 
omas producing th& desjred antibody), the Cells are cloned 
in semisolid agar or by limiting dilution, and clones produc- 
ing the antibody aie r lsojatedkby another" round of scieerung 
These cloned hybridomas produce monoclonal antibodies of 
a desired specificity Hybridomas can be grown in large vol- 
umes of 'as ascitic tumors ii) syngeneic mice in oidei to 
produce large quantities of monoclonal antibodies 

Two'<features of this somatic cell hybridization make it 
extremely valuable First, it is the best method for producing 
a monoclonal antibody against a known antigenic determi- 
nant Second, it can be used to identify unknown antigens 
present in a mixture because each hybndoma is specific foi 
only one antigenic determinant For instance, if several hy- 
bridomas are produced that seciete antibodies that bind to 
the surface of a particular cell, each hybndoma clone will 
secrete an antibody specific .for only ;one surface antigenic 
determinant These monocjonal antibodies can then be used 
to purify different cell surface molecules, some of which may 
be known molecules and otheis that may not have been 
identified previously. Sonic of the commonest applications of 
hybridomas and monoclonal antibodies, include the follow- 
ing 

(1) Identification of phenotypic markers unique to particu- 
lar cell types. The basis for the modern classification of 
lymphocytes and mononuclear, phagocytes is the bind- 
ing of population-specific monoclonal antibodies. These 
have been used to define "clusters of differentiation" for 
various cell types (see Chapter 2). 

(2) Immunodiagnosis. The diagnosis of many infectious and 
systemic diseases relies upon the detection of specific 
antigens and/or antibodies in the circulation or in tis- 
sues, using monoclonal antibodies in immunoassays. 



(3) Tutnor diagnosis an& therapy. Tumor-specific m6nqelo- 
nal antibodies ar% used for detection of tumors by im- 
aging techniques' and for immunotherapy of tumors m 

(4) Functional analysis of celt surface and secreted mole-" 
cules In .immunologic research, monoclonal antibodies 
that^bind to cell surface molecules and either stimulate 
or inhibit particular cellular functions are invaluable 
tools foi defining the functions of surface molecules, 
including receptors for antigens Antibodies that neu- 
tralize cytokines are routinely used for detecting the 
presence and functional roles of these piotem hoi- 
mones in viho and in vivo 

At piesent, hybridomas are most often produced by fus- 
ing HAT-sensitive mouse myelomas with B cells fiom immu- 
nized mice, rats, or hamsteis The same principle is used to 
generate mouse T cell hybridomas, by fusing T cells with a 
HAT-sensitive, T cell-derived tumor line, uses of such mono 
clonal T cell populations are described in Chapter 7 At- 
tempts ate being made to generate human monoclonal 
antibodies, primarily for administration to patients, by devel- 
oping human myeloma lines as fusion partners. (It is a gen- 
eral rule: that the stability of hybrids -is low if cells from 
species: that are far apart m : evolution are fused, and. this is 
presumably why human B cells do not form hybridomas 
with mouse myeloma lines at high efficiency.) As we shall 
discuss later : in the chapter, only small, portions of the anti- 
body molecule are responsible for binding to antigen; the 
remainder of the antibody molecule can be thought of as a 
"framework." This structural organization allows the DNA 
segments encoding the antigen-binding sites from a murine 
monoclonal antibody to be stitched into a complementary 
DNA encoding a human myeloma protein, creating a hybrid 
gene. When expressed, the resultant hybrid protein, which 
retains antigen specificity, is referred to as a "humanized 
antibodv." Humanized antibodies offer an alternative strategy 
for generating monoclonal antibodies that may be safely ad- 
ministered to patients. 



When blood or plasma forms a clot, antibodies 
remain in the residual fluid, called serum. A sam- 
ple of serum that contains a large number of anti- 
body molecules that bind to a particular antigen is 
commonly called an antiserum. (The study of anti- 
bodies and their reactions with antigens is there- 
fore classically called serology.) The number of 
antibody molecules in a serum specific for a partic- 
ular antigen is often measured by serially diluting 
the serum until binding can no longer be observed; 
sera with a large number of antibody molecules 
specific for a particular antigen are said to be 
"strong" or have a "high titer." 

Plasma or serum glycoproteins are tradition- 
ally separated by solubility characteristics into al- 
bumins and globulins and may be further sepa- 
rated by migration in an electric field, a process 
called electrophoresis. Elvin Kabat and colleagues 
demonstrated that most antibodies are found in 
the third fastest migrating group of globulins, 
named gamma globulins for the third letter of the 
Greek alphabet. Another common name for anti- 
body is immunoglobulin (Ig), referring to the im- 
munity-conferring portion of the gamma globulin 
fraction. The terms immunoglobulin and antibody 
are used interchangeably throughout this book. 



Currently, antibody molecules are generally 
purified from plasma or other natural fluids by a 
two-step procedure. The first step is to precipitate 
antibodies from the biologic fluid by adding a con- 
centration of ammonium sulfate that ranges from 
40 to 50 per cent of saturation. Under these condi- 
tions, albumin and most small molecules remain in 
solution, so that partially purified antibody can be 
collected in a pellet by centrifugation. The anti- 
body-containing pellet is redissolved in buffer and 
then purified by various forms of chromatography 
(the second step). When the antibody of interest in 
the biologic fluid is specific for a known antigen, 
the antigen can be immobilized on a column ma- 
trix and used to bind the antibody, a method 
called affinity chromatography. Antibody can be re- 
covered from the column matrix by a change in pH. 



Overview ©I Antibody Sfnjetwe 

A number of the structural and functional fea- 
tures of antibodies were determined from the early 
studies of these molecules: 

1. All antibody molecules arc similar in overall 
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chemical features, such as charge and solubility. 
These common properties may be exploited as a 
basis for the purification of antibody molecules 
from fluids such as blood. All antibodies have a 
common core structure of two identical light chains 
(each about 24 kilodaltons fkDJ) and two identical 
heavy chains (about 55 or 70 kD) (Fig. 3-1). One 
light chain is attached to each heavy chain, and 
the two heavy chains are attached to each other. 
Both the light chains and the heavy chains contain 
a series of repeating, homologous units, each 
about 110 amino acid residues in length, which 
fold independently in a common globular motif, 
called an immunoglobulin domain (Fig. 3-2). All 
Ig domains contain two layers of /3-pleated sheet 
with three or four strands of antiparallel polypep- 
tide chain. Certain Ig domains, such as those com- 
prising variable regions (see later), have an extra 
strand in each of the two layers. As will be dis- 
cussed in Chapter 7, many other proteins of impor- 
tance in the immune system contain regions that 
use the same folding motif and show structural 
relatedness to Ig amino acid sequences. All mole- 
cules that contain this motif are said to belong to 
the Ig superfamily, and all of the gene segments 
encoding the Ig-like domains are believed to have 



evolved from the same common ancestral gene 
(see Chapter 7, Box 7-2). 

2. Despite their overall similarity, antibody 
molecules can be readily divided into a small num- 
ber of distinct classes and subclasses, based on mi- 
nor differences in physicochemical characteristics 
such as size, charge, and solubility and on their be- 
havior as antigens (Box 3-2). The classes of anti- 
body molecules are also called isotypes and in hu- 
mans are named IgA, IgD, IgE, IgG, and IgM (Table 
3-1). IgA and IgG isotypes can be further 
subdivided into closely related subclasses, or sub- 
types, called IgAl and IgA2, and IgGl, IgG2, IgG3, 
and IgG4, respectively. In certain instances, it will 
be convenient to refer to studies of mouse anti- 
body. Mice have the same general isotypes as hu- 
mans, but the IgG isotype is divided into the IgGl, 
[gG2a, IgG2b, and IgG3 subclasses. The heavy 
chains of all antibody molecules of an isotype or 
subtype share extensive regions of amino acid se- 
quence identity but differ from antibodies belong- 
ing to other isotypes or subtypes. Heavy chains 
are designated by the letter of the Greek alphabet 
corresponding to the overall isotype of the anti- 
body: IgAl contains a\ heavy chains; IgA2, a2; IgD, 
5; IgE, e; IgGl, yl; IgG2, y 2; IgG3, y3, IgG4, y4; and 



FIGURE 3-1. Schematic dia- 
gram of an immunoglobulin 
(lg) molecuic. In this drawing of 
an IgG molecule, the antigen- 
bincling sites are formed by the 
juxtaposition of V L and V H do- 
mains. The locations of comple- 
ment and Fc receptor-binding 
sites within the heavy chain 

tions. S--S refers to intrachain 
and interchain disulfide bonds; 
N and C refer to amino and car- 
boxy termini of the polypeptide 
chains, respectively. 





IgM, ix. The shared regions of heavy chain amino 
acid sequences are responsible for both the com- 
mon physicochemical properties and the common 
antigenic properties of antibodies of the same iso- 
type. In addition, the shared regions of the heavy 
chains provide members of each isotype with com- 
mon abilities to bind to certain cell surface recep- 
tors or to other macromolecules like complement 
and thereby activate particular immune effector 
functions. Thus, the separation of antibody mole- 
cules into isotypes and subtypes on the basis of 
common structural features also separates anti- 
bodies according to which set of effector functions 



they commonly activate. In other words, different 
effector functions of antibodies are mediated by dis- 
tinct isotypes and subtypes. As we shall see later, 
there are two isotypes of antibody light chains, 
called k and A. The light chains do not mediate or 
influence the effector functions of antibodies. How- 
ever, as we shall discuss shortly, both the heavy 
and light chains contribute to specific antigen rec- 
ognition. 

3. There are more than 1 X 10 7 , and perhaps as 
many as 10 9 , structurally different antibody molecules 
in every individual, each with unique amino acid 



TABLE 3-1. Human Antibody Isotypes* 
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PRODUCTION OF SUBUNTTS OF SOLUBLE 
T CELL RECEPTORS BY CO- 
TRANSFECTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to soluble T receptors and 
more particularly to secreted forms of soluble T receptors 
(sTR) VaC/a/vpc/p. VyCy/V8C5 or VaC8/VpC/y and to 
their diagnostic and therapeutic applications. 

2. Description of the Related Art 

T lymphocytes are capable of recognizing, in a highly 
specific manner, myriads of antigens (Ag); this is by means 
of extremely diverse surface structures belonging to the 
superfamily of immunoglobulins (Ig). the T receptors (TR). 

In man and in mice. mostT lymphocytes in adults express 
sTR consisting of 2 variable glycoprotein sub-units called a 
and p. like the Ig heavy and light chains, these subunits 
contain an amino-terminal variable (V) domain and a 
carboxy-terminal constant (C) domain and are. in addition, 
very generally covalently associated with each other via an 
interchain disulphide bridge. The nature of the antigens 
recognized by the ap T receptor is relatively well estab- 
lished: they are complexes formed by an oligopeptide anti- 
gen (derived from the intracellular degradation of endog- 
enous or exogenous proteins) closely associated with the 
polymorphic gene products situated in the so-called class I 
or H major histocompatibility complex (MHC). The inter- 
action between the ap" T receptor and the MHC/Ag com- 
plexes is conventionally reinforced by so-called coreceptor 
or accessory molecules (CD4 and CD8). which recognize 
conserved portions of the class II and I MHC molecules 
respectively. 

Another subpopulation of T lymphocytes which can be 
distinguished by the nature of the genes (y and 5) encoding 
these T receptors has more recently been described. Con- 
trary to the ap T lymphocytes, the antigenic specificity of 
the y8 T cells still remains unclear. Based on the relative 
homology of the primary sequences of the ap* and y8 chains 
of the T receptor, some have predicted a structural similarity 
of the ligands for these receptors. In agreement with this 
hypothesis, a fraction of the y8T lymphocytes was found to 
be directed against molecules structurally similar or identi- 
cal to the products of the MHC conventionally recognized 
by the ap T lymphocytes. However, there are also several 
examples of recognition by this T subpopulation of mol- 
ecules of more distant structure, such as stress proteins or 
certain activating molecules such as CD48. 

The present inventors have sought to generate "soluble" 
(secreted) forms of the y8 T receptor, which could be used 
(like the Ig's) as probes permitting the isolation, localization 
and possibly the purification of specific ligands. 

Moreover, such soluble T receptors also have a number of 
clinical applications. Traunecker et al. (1989. Immunol. 
Today 10:29) have reported attempts to produce soluble T 
receptors which consisted in removing the transmembrane 
(TM) portion of the a chains or p chains by introducing a 
translation^ termination codon upstream of the sequences 
encoding the TM region which proved unsuccessful, no 
secretion having been detected. 

Following these initial failures, other strategies were then 
adopted. In most cases, the principle consisted in construct- 
ing chimetic proteins comprising the V. or V and C regions 
of the a and p subunits. joined to the C regions of immu- 
noglobulins or to anchors of the glycosyl phosphatidylinosi- 
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tol (GPI) type. In the case of the TRflg fusion proteins, the 
main problem proved to be the sometimes predominant 
secretion of monomelic or homodimeric forms. In addition, 
the ap sTR heterodimeric forms sometimes exhibited sig- 

5 nificant structural differences with the membrane forms; in 
particular, the 2 a and p chains were very generally non- 
covalentiy associated. This could consequently have effects 
on the overall structure and the fine antigenic specificity of 
such chimeric molecules. In the case of "lipidated" T recep- 

10 tors (anchored to the membrane by a GPI sequence), a 
sometimes quite high proportion of covalently associated ap 
heterodimers could be obtained. However, the main disad- 
vantage of this technique was the need for an enzymatic 
treatment (with phospholipase C). in order to liberate the T 

15 receptors in the medium, and therefore a production which 
is costly and of low yield. A procedure for producing 
so-called monochain T receptors, consisting in joining a Va 
domain to a vp domain via a peptide bridge, has been 
proposed more recently. However, the use of this technique 

20 proved to be delicate. In particular, it assumed the introduc- 
tion of a large number of mutations in certain hydrophobic 
zones of the V regions normally masked on the native 
protein, in order to render these monochain T receptors 
hydrosoluble. 

25 All the examples of the production of soluble forms of T 
receptors described in the literature, in all cases in hybrid 
form, have shown an extreme variability of efficiency from 
one chain combination to another. 

30 SUMMARY OF THE INVENTION 

The present inventors have discovered that soluble T 
receptors could be easily obtained and with a high yield, 
regardless of the combination of chains used, by means of a 
process consisting in producing DNA molecules encoding 

35 each of the constituent T receptor submits from which the 
transmembrane portion has been deleted, and in 
co-transfecting these DNAs into a host cell. 

The subject of the present invention is also a process for 
producing soluble T receptors, wherein the DNA sequences 

40 encoding each of the constituent T receptor submits, from 
which the transmembrane portion of the T receptor has been 
deleted, are co-transfected into a host cell. 
According to the invention. VaC/a/VpCp soluble T 

45 receptors are produced by co-transfecting. into a host cell. 
DNA sequences encoding the a and p submits of the Tap 
receptor from which the transmembrane portion of the Tap 
receptor has been deleted. 

VyCy/V5C8 soluble T receptors are also produced by 

50 co-transfecting. into a host cell. DNA sequences encoding 
the y and 5 submits of the Ty8 receptor from which the 
transmembrane portion of the Ty8 receptor has been deleted. 

VaCy/vpC5 and VaCcWpc/y heterodimeric soluble T 
receptors are further produced, in which the constituent 

55 subunits are associated via a covalent bond, by 
co-transfecting, into a host cell. DNA sequences encoding 
the Cy and C5 domains of the y and 5 subunits of the TyS 
receptor from which their transmembrane portion has been 
deleted, fused respectively to the DNA sequences encoding 

60 the Va and Vp domains of the a and p subunits of the Tap 
receptor in order to obtain VaCy/VpC8 receptors, or fused 
respectively to DNA sequences encoding the vp and Va 
domains of the P and a subunits of the Tap receptor in order 
to obtain VaCcWpCS receptors. 

65 VyCy/VaC8 hybrid soluble T receptors are also produced 
by co-transfecting. into a host cell. DNA sequences encod- 
ing the y subunit of the Ty8 receptor from which its trans- 
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membrane portion has been deleted, with the DNA 
sequences encoding the CS domain of the 8 subunit fused to 
the DNA sequences encoding the Va domain of die a 
subunit of the Tap receptor. This construction is particularly 
advantageous and is based on the fact that certain Va genes s 
can be used either by ap clones, or by 78 clones. 

Advantageously, the DNA sequences of the V82 and V79 
genes are used, for the constructions of the soluble T 
receptors of the invention, for the variable parts. 

It may however be advantageous to produce VyC/65 10 
/V8C8 receptors using a Vy9 DNA sequence on (he one 
hand, and by replacing the V82 DNA sequence by other V8 
DNA sequences for the same reasons as those mentioned 
above for the construction of the VyCyVaCS hybrid recep- 
tor. This construction makes it possible to obtain anti-a 15 
antibodies, or antibodies directed against V5's distinct from 
V82. 

Conversely, it is also possible to conserve the V82 DNA 
and to replace the Vy9 DNA sequence with other V7 DNA 
sequences, in order to obtain anti-Vy antibodies. 

The invention also encompasses these embodiments of 
VyCy/V8CS soluble T receptors. 

K should be noted that several V8 segments (especially 
V81) can be considered as Vet's, in the sense that they can 23 
be equally used by the a or 8 chains of the T receptor. Thus, 
it can be considered that the examples of receptors produced 
in soluble form, which are provided here, demonstrate 
especially the usefulness of the process within the frame- 
work of the generation of monoclonal antibodies directed 30 
not only against the y and 8. but also a, variable regions. 

Advantageously, the deletion of the transmembrane por- 
tion of the constituent T receptor submits is carried out by 
introducing a translational termination codon upstream of 
the sequences encoding the transmembrane portion of these 35 
submits, especially by P.C.R. (Polymerase Chain Reaction) 
directed mutagenesis. 

The DNA sequences are genomic DNA or cDNA 
sequences. 

Preferably, the co-transfection is carried out into eukary- 40 
otic cells, especially hamster ovary cells (CEO). 

The subject of the invention is also a fusion protein 
formed between a soluble T receptor and a peptide sequence, 
the peptide sequence being constitutive of a peptide or of a 
protein, the fusion protein being obtained by fusing the DNA 45 
sequence encoding the peptide or the protein to one of the 
chains or to the two chains of DNA encoding the submits of 
a T receptor from which their transmembrane portion has 
been deleted, followed by a co-transfection of the DNA 
sequences thus fused into a host cell. 50 

Advantageously in this case, the peptide sequence is that 
of interleukin-2 (IL-2). 

The subject of the invention is also human or animal 
polyclonal or monoclonal antibodies directed against a 55 
soluble T receptor obtained by the process of the invention 
or an STR-IL2 fusion protein as defined above. 

The monoclonal antibodies according to the invention can 
be prepared according to a conventional technique. To this 
effect, the soluble T receptors, optionally fused with $o 
interleukin-2 or another protein, can be coupled if necessary 
to an immunogenic agent, such as tetanus toxoid, via a 
coupling agent such as a his diazotized benzidine. 

The present invention also encompasses the fragments 
and the derivatives of monoclonal antibodies according to 65 
the invention. These fragments are especially F(ab') 2 frag- 
ments which can be obtained by enzymatic cleavage of the 



antibody molecules with pepsin, the Fab' fragments which 
can be obtained by reducing the disulphide bridges of the 
F(ab') 2 fragments and the Fab fragments which can be 
obtained by enzymatic cleavage of the antibody molecules 
with papain in the presence of a reducing agent. These 
fragments, as well as the Fc fragments, can also be obtained 
by genetic engineering. 

The derivatives of monoclonal antibodies are for example 
antibodies or fragments of these antibodies to which markers 
such as a radioisotope are linked. The derivatives of mono- 
clonal antibodies are also antibodies or fragments of these 
antibodies to which therapeutically active molecules are 
linked. 

The subject of the invention is also hybridomas producing 
monoclonal antibodies specific for the peptide sequence 
described above. These hybridomas can be obtained by the 
conventional techniques of cell fusion between spleen cells 
activated in vitro by the antigen or obtained from an animal 
immunized against the peptide sequence of the invention, 
and cells from a myelomatous line. 

The subject of the invention is also a diagnostic compo- 
sition comprising a soluble T receptor obtained by a process 
according to the invention or an sTR-peptide sequence, 
especially STR-IL2. fusion protein as defined above, or 
alternatively a monoclonal antibody according to the inven- 
tion. 

The diagnostic composition according to the invention 
can be used for the typing of cellular specificities linked to 
the T receptor. Indeed, a soluble T receptor can be used as 
such. However, because of the probably weak affinity of the 
latter for its specific ligand. it is advantageous to couple the 
soluble T receptors to a support, in order to increase then- 
avidity by increasing their valency. 

The support may consist of any support traditionally used, 
such as organic or magnetic beads. 

Such supports are for example plastic plates used for the 
ELBA tests on which the soluble T receptor is attached in 
the same manner as iinmunoglobulins. tosyl-activated mag- 
netic beads, for example those marketed by Dynal, Oslo, 
Norway, or alternatively AFFIGEL type activated gels such 
as those marketed by BIORAD. 

The coupling techniques are those conventionally used 
and indicated by the distributor for the supports commer- 
cially available. 

These methods may consist in a chemical coupling or by 
means of monoclonal antibodies directed against the soluble 
T receptors in question, the latter being themselves coupled 
to the support by chemical coupling. 

Advantageously, the diagnostic compositions comprise a 
fused protein as described above, consisting of a soluble T 
receptor and an antigenic determinant against which specific 
antibodies are available. 

Such diagnostic compositions can be used for the typing 
of cellular specificities not detected by conventional sero- 
logical techniques. 

The diagnostic composition according to the invention 
may also comprise monoclonal antibodies as defined above, 
and preferably a panel of monoclonal antibodies directed 
against the V and C portions of the chains of the T receptors 
obtained by immunizing animals against the soluble T 
receptors obtained according to the invention, previously 
purified. 

In order to improve the efficacy of the immunizations, it 
is also possible to inject STR-IL2 fusion proteins as defined 
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Such a diagnostic composition can be used especially for competition, of the recognition of autologous antigens in the 

the detection of mono- or oligoclonal proliferations, such as case of auto-immune proliferations, 

those encountered in T leukaemias for example. Advantageously, the therapeutic composition according 

According to the invention, the diagnostic composition is to the invention comprises a heterodimeric soluble T recep- 
brought into contact with a biological sample, for example 5 tor as defined above, optionally earned by a fusion protein, 
a blood sample containing pathological T lymphocytes, and The therapeutic composition according to the invention 
the complex formed with the ligand specific for the T may also comprise a monoclonal antibody according to the 
receptor and the soluble T receptor or the fusion protein invention, optionally coupled to a therapeutically active 
comprising the soluble T receptor and an antigenic deter- molecule, for example a cytotoxic molecule, or a monc- 
minant or the complex formed by the monoclonal antibodies '0 clonal antibody fragment or derivative as defined above, 
according to the invention and the soluble T receptor or the Such a composition permits the direct removal of mono- 
soluble T receptor-IL2 fusion protein against which they are or oligoclonal cells encountered in certain types of T leu- 
specifically directed, is detected. kaemias. 

These processes can be based on an RIA. RIPA or IRMA BRIEF DESCRIPTION OF THE DRAWINGS 

type : ratoiinmunological method or an inmiuno-enzymatic production of soluble T receptors in the case of TRyo 

methcxl of the WESTERN-BLOT type on strips or of the ^ J ^ ^ ^ ^ reference tQ £ 

mJSA type - accompanying figures in which: 

For the implementation of these processes of detection, ^ l and ffi ent oducts of assembl of me 

unlabeled cold molecules or molecules labelled by means of „ ^ ^ of ^ 5 _ and 3, ^ used tQ 

a statable marker which may be biotm or its derivatives, an * cDNAs permitting the production of the soluble 

enzyme such as peroxidase, a fiuorescen marker such as ^> 0IS ( Jfa cDNA) are represented above and 

fluorescein, a radioactive marker and the like, are used. ^ ^ y ^ c DNAs respectively. The positions of the 

These in vitro diagnostic processes comprise for example termination codons are represented in bold characters. The 

the following steps: 25 grey parts in 3' of the y and 8 cDNAs correspond to the 

depositing a determined quantity of a composition con- hydrophobic transmembrane (TM) regions. FIG. 1 shows 

taining a soluble T receptor, a soluble receptor fused the sequences SEQ ID NO:l-SEQ ID NO: 15 as depicted on 

with an antigenic determinant or a monoclonal anti- the attached sequence listing. 

body according to the invention directed against the FIGS. 2A and 2B represent the corresponding nucleotide 

soluble T receptor or the soluble T receptor-Interleukin 30 ^ p^nfe sequences of the soluble 5 and y chains of the 

2 fusion protein according to the invention, in the wells clone used for me construction of the soluble T receptor 

of a microtitre plate or on another support such as beads described above. In particular, FIG. 2A shows the sequences 

or a nitrocellulose membrane. se q rp NO: 16 and SEQ ID NO: 17 and FIG. 2B shows the 

depositing, in the wells, the biological sample to be tested. sequences SEQ ID NO: 18 and SEQ ID NO:19 as depicted 

or incubating the latter with the beads or the membrane. 15 on the attached sequence listing. 

in the presence of saturating agents or after prior pjQ 3 represents the results of the tests for detection of 

saturation of the activated supports, STR78 by the IRMA technique in medium packaged from 

after incubating and rinsing the microplates or the beads, CHO cells transfected with ys/6s. 

depositing in the wells or incubating with the beads a SN represents the supernatant from the culture of the 

system for revealing the soluble T receptor-ligand CHO cells, transfected with a non-pertinent cDNA (C) or 

complex which may have formed. with the cDNAs of the soluble y and 5 subunits according to 

The kits for implementing the diagnostic process of the the invention (syo). 

invention comprise: The monoclonal antibodies giving a significant radioim- 

at least one diagnostic composition according to the 4J munological signal are represented as bold rectangles. 

invention, FIG. 4 represents the titration in soluble TR activity 

reagents for preparing a medium suitable for producing a expressed in ug/ml, as attested by the IRMA test (sandwich 

complex between the ligand(s) which may be present in 7B67TiV52). of the fractions eluted from an affinity column 

a biological sample. coupled with the anti-Vy 7B6 antibody (marketed by 

one or more optionally labelled reagents capable of react- 50 Immunotech), onto which have been applied about 500 ml 

ing with the complex formed. of supernatant from the culture of y6sFS-CHO cells. 

The subject of the invention is also a therapeutic compo- FIG. 5 represents the SDS-PAGE analysis of fractions 

sition characterized in that it comprises a soluble T receptor positive for the soluble TR activity, as attested by the IRMA 

obtained according to me process of the invention or a fusion test (sandwich 7B6/TiV82), of the fractions eluted from an 

protein as defined above, especially an sTR-IL2 according to 55 affinity column coupled with the anti-Vy9B6 antibody, 

the invention. Two independent preparations (#1 and #2) were analysed 

Such a therapeutic composition is useful especially in the under non-reducing (on the left) and reducing (on the right) 

treatment of pathological processes in which a pauciclonal conditions. MW=molecular weight markers, 
proliferation of T lymphocytes is observed, such as T 

leukaemias or lymphomas and certain autoimmune diseases. 60 

It is preferably administered by injection in an appropriate 
vehicle. 

The administration of this therapeutic composition has a 
double purpose. It permits, on the one hand, the induction of 

an anti-idiotypic immuno response, resulting, in this case, in 65 

the active and selective removal of the cells carrying these The y8s G 115 human lymphocyte clone (whose nucle- 

idiotypes. and. on the other hand, the blocking, by otide and peptide sequences corresponding to the soluble 5 
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and y chains are represented in FIG. 2, in A and B DUKX-B11, cultured in RPMI 1640 medium, supplemented 

respectively) expressing T V9JPCry/V2D3JlC8 receptors with 8% foetal calf serum, 2 mM L-glutamin, thymidin. 

was used for die construction of (he ySs genes and the adenosin and deoxyadenosin at 10 ug/ml each, by the 

expression of the soluble T receptors. calciumphosphate precipitation technique (Wiglet et al.. 

This clone was used for several reasons of which the main 5 1979 Cell. 16:777). The DHER-positive cells were selected 

ones are: by culturing the transfected cells for three weeks in RPMI 

the great majority of the y8T receptors of peripheral blood medium, supplemented with foetal calf serum and 

human leucocytes comprise similar V(D)J regions such n-glutamin (2 mM) without nucleosides. The stable trans- 

that the structural and functional results obtained with fectants were then cloned by the limiting dilution technique, 
the soluble form of the specific TR used can be easily 10 

applied to the TR expressed by a large proportion of yh 2. Detection. Purification And Characterization of 

cells, the Soluble Ty8 Receptors 

monoclonal antibodies specific for the Cy, C6. V79 and a ) Detection of the soluble T receptors 

V52 regions are easily available and can be used to The monoclonal antibodies used for the detection of the 

monitor the production and the purification of the 15 so i UD i e TRs were labelled with 12S I by the Iodogen method 

soluble TR molecules, (Fraker et al., 1978, Biochem.-Biophys. Res. Commun. 

unlike most y8 V81-positive human T lymphocytes, the y 80:849). The T receptors were detected by a sandwich 

and 5 chains of the T receptors of the G 115 clone are immunoradiometric assay (IRMA) by means of pairs of 

covalently linked by a disulphide bridge which highly monoclonal antibodies specific for the y and 8 chains, 

stabilizes the molecule after its secretion into the 20 irnmidon-1 microtitre plates (Dynatech, Marnes, France) 

medium, were coated for 90 min at37° C. with 50 ul of Y102 (or 7B6) 

the antigenic specificity of the G 115 clone is fairly well monoclonal antibody at 40 ug/ml in a phosphate buffered 

known. In particular, this clone kills the cells of a s^g solution. After removal of the antibody, the unbound 

Burkitt's lymphoma (called Dadi) and also recognizes sites werc saturated with a phosphate buffered saline solu- 

an antigen present in water-soluble extracts of Myco- 25 ti on containing 0.5% bovine serum albumin for 1 hour at 

bacterium tuberculosis. room temperature. The samples to be analysed were then 

The G 115 clone, obtained from Ty8 lymphocytes derived a dded in an amount of 40 ul at the same time as 10 ul of 

from human peripheral blood leucocytes, was maintained in labelled TiV82 monoclonal antibody. After incubating for 90 

an RPMI 1640 medium containing 8% human serum, 2 mM ^ at 370 me we n s were ringed four times with 100 ul 

L-glutamin and 150 BRMP (Biological Response Modifier 30 c f a phosphate buffered saline solution supplemented with 

Program) units of IL2 and stimulated for one week out of bovine serum albumin. 

two with 0.5 ug/ml of leucc*gglutinin (Pharmacia, France) ^ bami ^0^^ was measured in a y scintillation 

irradiated peripheral blood leucocytes and irradiated and counter. The foUowing set of antibodies was used to measure 

EBV-transformed B lymphoblasts. the secretion of soluble TR78 by the IRMA technique: 

After two washes in phosphate buffered sakne solution. 35 anti _ v ^ (Y102 . B37 ?B6) ^ 

5xl0 6 ceUswerelysedonicemaTns-H^uffer(80rnM. mtSoo6iBi (Miossec et aL. 1989. J. Exp. Med. 

P H 7.5) containing 100 mMNaCl. 5 mM EDTA and 0.5% by 171:1171) . A n^o^i antibody specific for IL2 was also 

weight of Triton X100. After centnfuging. the supernatant used fls ave controL 

was harvested and mixed with anequal volume of phenol at me s oonWliatioils of maSbo& ^ no signal 

65° C. The RNA was extracted by a phenoVCHCl 3 40 was o5selve4 ^ m me of ^.^ected hLn- 

toatment preened 1. ' 2-5 vojurnes ofethanol and solu- (C HO). of cells transletted with a non- 

bdized m 40 ul of 10 mM Tns/1 mM EDTA) 5 pi of total pertinentcDNA or of cells transfected either with a trun- 

? 7T n r 'S^™LTn „i°L a .XL ST ««*» * cDNA ° r a «" d 5s cDNA 3)- But the 

of a 3 -phosphated pnmer ron^g translahonal tenmna- soluble ^ ^^^^ were clearly dented by trma 

Hon codons upstream of the hydrophobic *ansmeinbrane « ^J^^ ^ m ^ / upernatants of CH0 

region of the 7 and 8 genes after the Lys and Gin ^ c ^ nmsfc( £ d ^ ^ y and soluble 8 assembly 

codons. as represented in FIG. I. at a concentration of 50 ( Y 5sFS-CHO) when pairs of antibodies specific for 

pM. the four dNTPs at a concentomon of 1 mM each and £52,^52^ were ^(hq. 3). which sug^esb that 

200 Um V™% n T mary ^ m °K ^i™* 56 , ttan - the soluble TR molecules secreted by the tSF5-CHO cells 

senptase (MMTV) (Boehnnger Mannheim, Germany). jn a 50 ^^^y hetero dimers. 

final volume of 25 ul. 1.75 ul of a mixture for PCR . , ±~ ., . ' . , . , _ 

(containing 13 mM THs-HCl (pH 8.2). 66 mM KC1. 2 mM 'i^^ ^ /T h^h , 

MgCl 2 . 2 U of Taq polymerase (Boehnnger) and 50 pM of 10 m 8 01 ^. or ™ 6 monoclonal (anti-VyS) 

5'-phosphated primer represented in FIG. 1 were added to were covalently linked to a matrix of activated agarose 

the material obtained by reverse transcription and 30 ampli- 55 ^ads (Affigel. Biorad. Richmond. Calif.) according to the 

fication cycles (94° C— 1 min. 45° C— 1 min. 72° C— 1 instructions of the suppher. 

min) were carried out. The amplified DNA was purified after The culture supernatants were applied to an affinity col- 

electrophoresis on a low melting point agarose gel and umn at a rate of 30 ral/h at 4° C. After washing with a 

cloned into a plasmid Bluescript SK+ (Stratagene. La Jolla. phosphate buffered sahne solution, the bound material was 

Calif.) digested with Smal. The sequencing was carried out «o eluted with a 0.2M glycine buffer (pH 2.5). The eluted 

using a system of double-stranded template according to the fractions were neutralized all at once with 1M Na 2 HP0 4 . 

procedure provided by the supplier of the USB Sequenase The fractions positive for the soluble TR activity as 

kit The fragments were cloned into an expression vector attested by the IRMA test were combined, dialysed over- 

pKCR6 (Matrisian et al.. Proc. Natl. Acad. Sci. USA. night against distilled water and concentrated by evapora- 

83:9413) digested with EcoRI. 65 tion. 

The plasmid DNA was then introduced into DHFR Soluble TR samples were prepared in a buffer for gel 

(dihydrofolate reductase)-negative hamster ovary cells electrophoresis with or without reducing agent, separated by 
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SDS-PAGB and transferred onto a nitro-cellulose membrane 
in accordance with the recommendations of the supplier. 
After saturating the unbound sites with a blocking buffer 
(dried skimmed milk and Tween 20). the fingerprints 
obtained were incubated in the presence of primary antibody 
(hybridoma supernatant diluted one-third with the blocking 
buffer) for 2 hours at room temperature. After washing, an 
anti-Ig-horseradish peroxidase conjugate was added, and the 
incubation continued for another 2 hours. The bound anti- 
bodies were revealed with diarninobenzidine (1 mg/ml), 
H 2 0 2 and CoCl 2 . 

In a typical preparation. 33 rag (calculated using a 
coefficient for 1% extinction of 1.5. as calculated for the 
immunoglobulins) of affinity-purified y8 TRs were treated 
with Vibrio cholerae neuraminidase (Boehringer 
Mannheim) in 1 ml of buffer containing 50 mM sodium 
acetate. 150 mM NaCl and 4 mM CaCl 2 at pH 5.5 for 1 hour 
at 37° C. 

Under these conditions, the reaction was estimated to be 
complete by detennining control assays for digested samples 
by isoelectric focusing in EEF 3-9 PhastGel medium 
(Pharmacia). 

After dilution with a 0.1M sodium phosphate buffer, pH 
7.3. the sample was concentrated by means of a centripep 
column at 30,000 revolutions (Amicon) before protelysis. 

The neuraminidase-treated y8 receptors were digested at 
37° C. for 30 minutes with papain (Worthington) at an 
enzyme/substrate ratio of 1/500 in the presence of 1.5 mM 
2-mercaptoethanol and 1.25 mM EDTA. The reaction was 
completed by addition of N-ethylmaleimide. 

These conditions were sufficient to completely eliminate 
the interchain disulphide bridge as attested by SDS-PAGE 
analysis under non-reducing conditions. Higher enzyme/ 
substrate ratios and/or longer incubation times provided no 
proof of an additional protein cleavage. The reaction 
medium was then applied to a Zorbax CF-250 size-exclusion 
chromatography column (DuPont - New England Nuclear) 
which made it possible to obtain, after elution. the T receptor 
treated with papain and neuraminidase in the form of a 
single peak at about 65 kDa compared with 75 kDa for the 
native protein. No sign of chain dissociation was apparent 

After concentrating on a centripep, the material described 
above was incubated overnight at 37° C. in the presence of 
endoglycosidase F and N-glycosidase F (Boehringer 
Mannhein) under non-denaturing conditions (0.1M sodium 
phosphate buffer, pH 73). as recommended by the manu- 
facturer. A final purification was carried out by means of a 
Mono Q high-performance anion-exchange chromatography 
column (Pharmacia). 

The total yield from 3.3 mg of affinity-purified T receptor 
was 1.1 mg or about 34%. 

The material eluted from the anti-Vy9 column consisted 
essentially of y5 heterodimers since it was precipitated by 
monoclonal antibodies specific for V82. In addition, an 
SDS-PAGE analysis under reducing and non-reducing con- 
ditions showed that these heterodimers were linked by a 
covalent bond. 

Indeed, under non-reducing conditions, a diffuse principal 
band having an apparent molecular weight of 75-80 kD was 
observed, which separated under reducing conditions into 
two predominant components of 42 and 44 kD and two 
minor components of 50 and 39 kD. Identical patterns were 
obtained with material precipitated in stages with anti-Vy9 
and anti-Vo2 monoclonal antibodies. By means of mono- 
clonal antibodies generated against this soluble receptor 
(monoclonal antibodies 360 and 389. cf. below), it was 
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possible to show by the Western-blot technique that the 50 
kD and 44 kD bands corresponded to the y chain, and that 
the 42 and 39 kD band corresponded to the 8 chain. The 
differences in the sizes of the soluble y and 8 species were 

5 due to the different degrees of N-glycosylation, as subse- 
quently specified. 

3. Production And Properties of Monoclonal 
Antibodies Directed Against the Soluble T 
Receptors of the Invention 

10 a) Generation of monoclonal antibodies directed against 
soluble forms of y8 TR after immunization of mice against 
soluble yS TRs: 

BALB/c mice were immunized with soluble y8 T 
receptors, in accordance with the following procedure: on 

15 day 1, 50 ug of protein in 500 ul of emulsified complete 
Freund's adjuvant at 50% in 0.9% Nad were subcutane- 
ously injected at four different points. On day 25. the same 
procedure was repeated in incomplete Freund's adjuvant. A 
booster was made by 3 intraperitoneal injections on days 50, 

20 51 and 52. by means of 15 ug of protein each in 250 ul of 
0.9% NaCl. Splenocytes harvested on day 53 were fused 
with X63 Ag 8653 myeloma. Hypoxanthme/aininopterin/ 
thymidin-resistant colonies were screened by a radioimmu- 
nological assay (RIA) by means of an iodine-labelled 

25 soluble T receptor, in accordance with the IODOGEN 
method. 

To this effect, 96-well microtitre plates coated with avidin 
(Immunotech) were incubated with biottnylated anti-mouse 
goat immunoglobulins (GAMIG, Immunotech) in PBS. 
BSA, NaN 3 overnight at 4° C, and then washed 3 times in 
Tween PBS. 100 ul (10 5 cpm) of radiolabelled soluble T 
receptors were incubated for 2 hours at room temperature 
and washed 3 times in PBS-Tween. The bound radio- 
3J labelled soluble T receptors were assayed by y counting. 
Nine monoclonal antibodies recognizing all or part of the 
human y5T lymphocytes were obtained from an immunized 
mouse spleen, 2 anti-Vy9 antibodies (292 and 360). 2 
anti-V82 antibodies (1 and 389), 1 y5 pan anti-body (510) 
and 4 antibodies directed against y5 sub-populations (49, 60, 
103 and 515). 

b) Reactivity of anti-soluble TR monoclonal antibodies 
towards mono- and polyclonal human lymphoid lines: 
Monoclonal antibodies having produced an RIA signal 

45 were then tested by immunofluorescence to determine their 
ability to recognize T receptors linked to the membranes of 
the G9 clone. The fine specificity of these monoclonal 
antibodies was finally studied by screening their reactivity 
towards T lymphocyte clones and lines whose T receptor 

50 phenotype was known. 

From a single fusion experiment, the superaatants of 16 
colonies (3% of the inoculated wells) gave a positive RIA 
signal and among them, eleven contained monoclonal anti- 
bodies recognizing the G9 clone in an indirect immunof- 

55 luorescence assay. The specificity of 7 monoclonal antibod- 
ies was measured by flow cytometric analysis. 

Three monoclonal antibodies (52. 106 and 510) were 
directed against a determinant which was common to all the 
TyS receptors but not to the Tap receptors. Two monoclonal 

60 antibodies (292 and 360) were specific for T receptors 
comprising the Vy9 region and two monoclonal antibodies 
(1 and 389) for T receptors comprising the y82 region. No 
precise specificity could be attributed to the remaining 
monoclonal antibodies (49. 60. 103 and 515) which recog- 

65 nized subpopulations of y8 lymphocytes but whose reactiv- 
ity could not be correlated with the presence of a particular 
V region of T receptor (Table I below). 



5j: 

n 

It should be noted that all the monoclonal antibodies were 
capable of recognizing non-reduced soluble T receptors in 
Western-blot analyses, and several also reacted with y or 8 
species isolated after reduction (Table II). unlike most 
V-specific monoclonal antibodies generated against native T 
receptors (linked to membranes). In agreement with attri- 
butions of specificity deduced from flow cytometric 
experiments, the monoclonal antibodies 389 and 360 rec- 
ognized various species (molecular mass 39-42 kDa and 
44-50 kDa, respectively), which could correspond to the 5 
and y chains respectively. In addition, since the y552 and 5 10 
pan monoclonal antibodies, and the antibody 389 specific 
for V82 reacting with the same species of 39-42 kDa. this 
indicating that the monoclonal antibodies 52 and 510 were 
directed against the C8 region (Table I). 
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In order to facilitate and to permit the oriented integration 
of the complementary DNAs encoding the soluble gamma 
and delta chains in the eukaryotic system expression vector 
pKCR6, a DNA fragment previously cloned between the 
5 Xbal and Sail sites of the vector pKCSRa was introduced 
between the Kpnl sites of this vector. 

The digestion of the vector pKCR6 thus modified by the 
Xhol and Xbal enzymes liberated these two sites and 
permitted an oriented cloning, the Xhol site being situated 
10 between 5' of the coding sequence and the Xbal site in 3'. 

b) Generation of a complementary DNA encoding a 
soluble \y& chain 

bl) PCR cloning of a soluble V78 chain 

The RNA used for this cloning is obtained from a Ty& 



TABLE 1 



Circulating cytometric anal; 

The phenotype of th . . 
by labelling with Trva (anti-By9), TiV52) an 
Vol) antibodies: NR (not carried o 



Clones V52 Vol 510 106 292 360 1 389 49 60 103 



t apparent molecular mass (in kDa) of the spec 
recognized by each antibody is presented. 
<*m. = no reactivity: R = reactivity} 



Western-blot analysis 



The oligonucleotide primer used for the synthesis of the 
40 first complementary DNA strand is the following: 

5' GGG TTA CTG CAG CAG TAG TOT ATC 3' (SEQ ID NO:l) 

The amplification of this cDNA was carried out by means 
45 of the oligonucleotide described above used as antisense 
primer and a sense primer containing a site for the Xhol 
restriction enzyme upstream of the translational initiation 
codon. The sequence of this oligonucleotide is the fellow- 



s' CCC TCG AGA TGC TGT TOG CTC TAG CTC 3' (SEQ ID 



EXAMPLE 2 
1. Construction of Other yS Soluble T Receptors 
Other y8 soluble receptors were prepared as described 
below, after modification of the multiple cloning site of the 
expression vector pKCR6. f 

a) Modification of the multiple cloning site of the expres- 
sion vector pKCR6 



The DNA fragment obtained at the end of this amplifi- 
5 cation was cloned into the vector pBS-SK opened by the 
Smal restriction enzyme and then sequenced. The sequence 
obtained is in conformity with that described in the literature 
(Cell. (1986) 45:237-246) with the exception of the joining 
sequence involving the J7I segment: 



b2) Integration into the expression vector and transfection 
into eukaryotic cells 

The cDNA fragment encoding a soluble Vy& chain was 
extracted from the vector pBS-SK after digestion with the 



5,723,309 

13 14 

restriction enzymes Xhol and Xbal and integrated into the tca got acc acc tat i8i cca tog gaa ctc atc 

modified expression vector pKCR6 described in a) digested 1X1 ^ m N0:7 > 

with the same enzymes. e) Integration into the expression vector and transfection 

The vector thus obtained was co-transfected in combina- j n t 0 eukaryotic cells 
tion with the expression vector containing the cDNAencod- 5 The digestion, with the Xhol and EcoRl restriction 
ing the soluble V82 chain. enzymes, of the vector pBS-SK containing the V81 C5 

The procedure for transfection. screening of the produc- cDNA liberates a DNA fragment encoding the entire vari- 
ing clones and purification of the soluble TCRs produced is able part V81 D82 J5l and the portion of the first exon of the 
analogous to that described above for the production of constant part C8 between the joining region and the unique 
soluble Vy9 V52 TCR. 10 EcoRI site. 

c) Generation of a complementary DNA encoding a This DNA fragment was purified and integrated into the 
soluble V53 chain expression vector pKCR6 containing the soluble V63 chain 

cl) PCR cloning of a soluble V83 chain after it had been digested with the Xhol and EcoRI restric- 

The RNA used for this cloning is obtained from a Ty5 tion enzymes. This strategy therefore made it possible to 
clone. 1 5 replace the variable part V83 with the variable part V81 and 

The nucleotide primer used for the synthesis of the first ti, us t0 construct a cDNA encoding a soluble V81 chain, 
complementary DNA strand is the following: The vector thus obtained was co-transfected in combina- 

tion with the expression vector containing the cDNA encod- 
ing the soluble Vy9 chain. 

^g^TTActtctcggtatgaactatggc^seqid 20 *The procedure for transfection. screening of the produc- 
ing clones and purification of the soluble TCRs produced is 
The amplification of this cDNAwas carried out by means analogous to that described for the production of soluble 
of the oligonucleotide described above used as antisense TCR Vy9 V52. 

primer and a sense primer containing a site for the Xhol „ _ ■ . „ . „ . _ . . _ . „ . . , _, „ 

restriction enzyme upstream of the franslational initiation 25 2. Detection And Purification of Other Soluble TyS 
codon. The sequence of this oligonucleotide is the follow- Receptors 

ing: a) Detection of various soluble receptors, control of 

specificity 

In the same manner as described above, 2 IRMAs were 
3 developed with the antibody 510 as phase antibody and with 
the antibodies 360 and 389 as tracers. These 2 IRMAs were 
The DNA fragment obtained at the end of this amplifi- tested on the supernatants of CHOs transfected with the 
cation was cloned into the vector pBS-SK opened by the genes Vy9fV81, Vv9/V53, Vy8/V82. Only the tracers cor- 
Smal restriction enzyme and then sequenced. The sequence responding to the transfected V give a signal, thus providing 
obtained is in conformity with that described in the literature 35 a good control of specificity. 

(j. Exp. Med. (1989) 169:393-405) with the exception of the b) Development of a general method of purification 
joining sequence involving the D52, D53 and J51 segments: ^ purification described previously for isolating the 

Vv9V82 receptor consisted of an immunopurification with 
V53 n D52 n D53 act tac TOT cct T TT Tec cgg crc T 40 an antibod y Of 102 or 7B6). An affinity column of 

to GGG G AC ACC J81 GAT AAA (SEQ ID NO:6) the same type but using the antibody 510 described above 

and which recognizes a determinant of the delta constant 
c2) Integration into the expression vector and transfection c hain was used. The advantage of this new purification is the 
into eukaryotic cells possibility of purifying any soluble receptor of the invention 

The cDNA fragment encoding a soluble V53 chain was regardless of the y. 8 and even oc, P variable chains which 
extracted from the vector pBS-SK after digestion with the tt, ey contam . This method was first tested in order to purify 
restriction enzymes Xhol and Xbal and integrated into the ^ soluble receptor containing Vy9/V83. 
modified expression vector pKCR6 described in a) digested 5 mg of antibody 5 10 were covalently linked to 1 g of a 
with the same enzymes. matrix of cyanogen bromide-activated sepharose 4B beads 

The vector thus obtained was co-transfected in combina- (PHARMACIA. Upsalla. Sweden) according to the instruc- 
tion with the expression vector containing the cDNA encod- (| ons 0 f me SU ppii er . 

ingthe soluble chain The supernatant from a culture of me txansfectant y9S3 

The procedure for transfection. screeningaf the produc- was Ued tQ ^ ^ ^ formed at the rate of 

ing clones and purmcation of the soluble TCRs produced is 1Q a( I0Qm te ature> ^ washing with a 

"I production of ^ phosphate buffaed ^ so , ution ^ (Q Q1M phosphatet 
soluble ICR V79 Vo2. Q 14M NaQ H 7 2 same flow ra(e) ^ 

■ I, T- 3 com P lementar y encodm 8 a was eluted with a 0.05M titrate solution at pH 3.0. The 

rlr'vlV; , . a eluted fractions were neutralized immediately with a 0.2M 

The DNA complementary to a total V81 C8 chain cloned ^ b(jffer „ g (m ^ fa 1 ^ of elua(e) 
mtothevectorpBS-SKbetweentheSaUandBammrestnc- ^ ^ fof ^ ^ ^ 

° ." was f . ... . attested by the IRMA test were combined and concentrated 

Tlus fragment was sequenced completely and exhibits no ^ on cell (30 ^ 

vanation compared with the sequence described in the K.-iJ.wAi™-™ n „.„,,, Troiw^il,„.t,» 

literature (EuTj. Immunol. (1989) 19:1545-1549) with the barner) (AMICON, Beverly, Mass.^JSA) according to the 

^ . . . u / . t . J iRi instructions of the manufacturer. This cell also made it 

exception of thejouung sequence involving the D82 and J81 65 ^ chang£ ^ ^ fa pfiS 

The analysis of the eluted proteins was carried out by 
V5i D82 N tgt gct err ggg gac ttc cta aag GGT SDS-PAGE and by Western-blotting. The analysis gave 
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slightly different results compared with 7982. Indeed, under antibodies. Under reducing conditions, the bands reacted 

non-reducing conditions, three highly predominant bands of either with the antibody 360 or with the antibody 510. 
molecular weights 65. 68, 70 kD, which separated into four 

predominant bands 32.5. 34, 36 and 40 kD [sicl- Western- From **» analysis, it can be concluded that the material 
blot analysis with the anti-bodies 510 (anti-C8) and 360 5 eluted from the affinity column consisted essentially of 

(anti-Vy9) showed that all the predominant bands previously covalently linked y5 heterodimers possibly present in the 

observed under non-reducing conditions reacted with both form of several glycosylation isomers. 

SEQUENCE LISTING 



TP SEQUENCES: 19 



) INFORMATION FOR SEQ ID NC 



i ) PUBLICATION 

( I ) FILING DATE: 



) SEQUENCE DESCRIPTION: SEQ ID 



) SEQUENCE CHARACTERISTICS: 
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[ ) DOCUMENT NUMBER: WO 9*12648 



5,723,309 

17 18 

-continued 



( i } SEQUENCE CHARACTERISTICS: 




( H ) DOCUMENT NUMBER: WO 94/12648 
( I ) FILING DATE: 25-NOV. 1993 



{ i i ) SEQUENCE DESCRIPTION: SEQ ID NO:4: 




( i ) SEQUENCE CHARACTERISTICS: 




( C ) STRANDEDNESS: tingle 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 48 base pairs 





( i ) SEQUENCE CHARACTERISTICS: 




) PUBLICATION INFORMATION: 

< H ) DOCUMENT NUMBER: WO 94/12648 
( I ) FILING DATE: 25-NOV- 1993 

)NDATE:09-IUN- 1994 



) SEQUENCE DESCRIPTION: SI 



( 2 ) INFORMATION FOR SEQ ID NO:12: 
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I claim: 

1. Process for producing soluble T receptors, comprising 
co-transfecting into a host cell DNA sequences each encod- 
ing only a single peptide consisting of one of the constituent 
T receptor units, from which the transmembrane portion of 
the T receptor has been deleted. 



2. Process according to claim 1. wherein VaC760 /VjJCP 
soluble T receptors are produced by co-transfecting. into a 
host cell, said DNA sequences each encoding a respective 
one of the a and p subunits of the TaP receptor from which 
the transmembrane portion of the Tap receptor has been 
deleted. 
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3. Process according to claim 1. wherein VyCy/VSCS 
soluble T receptors are produced by co-transfecting, into a 
host cell, said DNA sequences each encoding a respective 
one of the y and 5 subunits of the TyS receptor from which 
the transmembrane portion of the TyS receptor has been 
deleted. 

4. Process according to claim 1. wherein VaC/65 /VfiC5 
heterodimeric soluble T receptors are produced, in which the 
constituent subunits are associated via a covalent bond, by 
co-transfecting. into a host cell, said DNA sequences each 
encoding a respective one of the Cy and CS domains of the 
y and 8 subunits of the TyS receptor from which their 
transmembrane portion has been deleted, fused respectively 
to the DNA sequences encoding the Va and Vp domains of 
the a and P subunits of the Tap receptor. 

5. Process according to claim 1, wherein VaCS/VpC/65 
heterodimeric soluble T receptors are produced, in which the 
constituent subunits are associated via a covalent bond, by 
co-transfecting, into a host cell, said DNA sequences each 
encoding a respective one of the Cy and C5 domains of the 
y and 5 subunits of the TyS receptor from which their 
transmembrane portion has been deleted, fused respectively 
to the DNA sequences encoding the Vp" and Va domains of 
the p and a subunits of the tap receptor. 
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6. Process according to claim 1. wherein VyCy/VaC8 
hybrid soluble T receptors are produced by co-transfecting. 
into a host cell, a said DNA sequence encoding the y subunit 
of the TyS receptor from which its transmembrane portion 
5 has been deleted, and a said DNA sequence encoding the C8 
domain of the 8 subunit fused to a said DNA sequence 
encoding the Va domain of the a subunit of the Tap 
receptor. 

io 7. Process according to claim 1, wherein the deletion of 
the transmembrane portion of the constituent T receptor 
subunits is carried out by introducing a translational termi- 
nation codon upstream of the sequences encoding the trans- 
membrane portion of these subunits. 

15 8. Process according to claim 7, wherein the introduction 
of a translational termination codon is effected by PCR 
directed mutagenesis. 

9. Process according to claim 1, wherein the 
co-transfection is carried out into eukaryotic cells. 

20 10. Process according to claim 9. wherein said eukaryotic 
cells are hamster ovary cells. 
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[57] ABSTRACT 

The invention features an isolated sample of mammalian 
class II major histocompatibility heterodimers which are 
membrane-associated or in soluble form, and which are 
capable of binding added antigenic peptide; methods for 
producing large amounts of the soluble or membrane-asso- 
ciated histocompatibility protein by expression of DNA 
encoding the a and p" polypeptides; and methods for loading 
these heterodimers with any desired antigen. 

18 Claims, 6 Drawing Sheets 
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BACKGROUND OF THE INVENTION 

The field of the invention is the major histocompatibility 
complex class II antigens and immune disorders. 

Autoimmunity implies that an immune response has been 
generated against self-antigens (autoantigens). Central to the 
concept of autoimmunity is the breakdown in the ability of 11 
the immune system to differentiate between self- and non- 
self antigens. An abnormal immune response to self-anti- 
gens implies that there is a loss of tolerance. 

The major histocompatibility complex (MHC) class II 
molecules are important for interactions between immune 1 
cells, particularly in antigen presentation to T cells. During 
a normal immune response, MHC molecules present a 
foreign antigen to a T cell as a non-self antigen. T cells 
respond by initiating a cascade of immune events that results 
in the eventual elimination of the foreign molecule. During 21 
autoimmune disease, MHC molecules present a self-antigen 
to the T cells as a non-self antigen, an event that also triggers 
T cell induced immune activation. However, in this latter 
case, since the immune response is directed against self- 
antigens it frequently results in severe damage to tissues and 2 

MHC proteins are highly polymorphic cell surface gly- 
coproteins that bind antigenic peptides and display them at 
the cell surface (Rothbard and Gefter, 1991, Ann. Rev. 3( 
Immunol. 9: 527). T lymphocytes initiate i 
by recognizing a specific peptide bound to 
Class I MHC proteins bind to endogenoi 
endoplasmic reticulum (Nuchtern et al., 1 
223; Yewdell and Bennick, 1990, Cell 62: 
II MHC proteins generally bind exogenously derived pep- 
tides in a specialized post-Golgi compartment (Guagliardi et 
al., 1990, Nature 343: 133;Neefjesetal., 1990, Cell 61: 171; 
Harding et al., 1990, Proc. Natl. Acad. Sci. USA 87: 5553; 
Davidson et al., 1991, Cell 67: 105; Germain and Hendrix, 
1991, Nature 353: 134). Both class I and class II MHC 
proteins must bind peptides tightly to prevent peptide 
exchange at the cell surface and inappropriate immune 



), while class , 



Busch and Rotherbard, 1990, J. Immunol. Meth. 134: 1). 
The peptide-binding sites on the remainder of the proteins 
are occupied with tightly bound peptides (Tampe and McCo- 
nnell, 1991, Proc. Natl. Acad. Sci. USA 88: 4661). 
SUMMARY OF THE INVENTION 

The invention features compositions and methods for 
producing empty class II major histocompatibility het- 
erodimers by expression in insect cell culture, and for 
, loading these molecules with any desired antigen. The 
compositions and methods of the invention are superior to 
those previously available because they provide histocom- 
patibility protein that can be 100% loaded with any peptide 
antigen, and because they provide a large amount of soluble 
or membrane-associated histocompatibility protein. 

Accordingly, in one aspect, the invention features a pure 
sample of mammalian empty class II heterodimer containing 
an oc and a p polypeptide, which is either membrane- 
associated or in soluble form. When the heterodimer is 
membrane-associated, the a and P polypeptides each con- 
1 tain the transmembrane domain that is normally present on 
the naturally occurring molecules. When the heterodimer is 
soluble, the transmembrane domain is absent from both the 
ot and P polypeptides. 

By a "pure sample" is meant a heterodimer that does not 
have an antigen bound to it. The "antigen" to be loaded onto 
a heterodimer can be any substance with antigenic proper- 
ties, for example, a protein or a peptide, a carbohydrate, a 
nucleic acid or a lipid, or any combination, fragment or 
combinations of fragments thereof. An "empty" heterodimer 
' is one which does not have an antigen bound to it. A 
"membrane-associated" heterodimer is one which is com- 
plexed with a lipid membrane by virtue of an amino acid 
sequence which acts as a transmembrane domain, contained 
within each of the polypeptides comprising the heterodimer, 
1 and which anchors the heterodimer to a membrane. A 
"soluble" heterodimer is one which is not membrane-asso- 
ciated and wherein the polypeptides contained within the 
itain an amino acid sequence acting as 
ain or as a cytoplasmic domain. An 
"antigenic peptide" is one which contains an amino acid 



peptide may be a full-length peptide which contains within 
: an antigenic determinant, or it may be a peptide whose 
of class I molecules are usually 45 "^id sequence solely specifies an antigenic determi- 



The peptide-binding 
occupied with a mixture of peptides (Bjorkman et al. 1987, 
Nature 329: 506; Jardetzky et al., 1991, Nature 353: 326; 
Falket al., 1991, Nature 351: 290), and class I molecules do 
not easily exchange or bind peptides in vitro (Chen and 
Parham, 1989, Nature 337: 743). Studies using mutant cell 
lines that do not load peptides onto class I molecules have 
suggested that peptide binding is required for assembly of 
the class I heterodimer and for stable cell surface expression 
(Townsend et al., 1989, Nature 340: 443; Townsend 



1990, Cell 62: 285; Ljunggrenetal., 1990, Nature 346: 476; 55 ta ins DNA encoding either the 



t. For the purposes of clarity, the term "antigenic pep- 
tide" will be used hereinafter to describe the molecule which 
can be bound to the empty heterodimer, although it is 
understood that this molecule need not be restricted solely to 
a peptide molecule. 

The invention also features a baculovirus which contains 
DNA encoding the a polypeptide of the heterodimer and a 
baculovirus which contains DNA encoding the p polypep- 
tide of the heterodimer. In each case, the baculovirus con- 
•associated or 



Ortiz-Navarrete and Hammerling, 1991, Proc. Natl. Acad. 
Sci. USA 88: 3594). 

Class II MHC proteins isolated from lymphoid cells are 
very stable complexes with antigenic peptides (Buus et al., 
1988, Science 242: 1045; Rudensky et al., 1991, Nature 353: 60 
662). Less than 20% of these class II molecules will bind 
antigenic peptide added in vitro (Watts and McConnell, 

1986, Proc. Natl. Acad. Sci. USA 83: 9660; Buus et al., 

1987, Immunol. Rev. 98: 115; Jardetzky et al., 1990, Nature 
353: 326; O'Sullivan et al., 1990, J. Immunol. 145: 1799; 65 
Roche and Cresswell, 1990, Ann. Rev. Immunol. 144: 
1849), or in vivo (Ceppellini et al., 1989, Nature 339: 392; 



soluble form of each polypeptide. 

In yet another aspect of the invention, there is described 
a method of producing either a membrane-associated or 
soluble empty major histocompatibility class II heterodimer. 
The method involves coinfecting insect cells with baculovi- 
ruses which contain DNA encoding the a and P polypep- 
tides. During virus replication in the cells, the genes encod- . 
ing the polypeptides are expressed and the protein products 
are recovered from the cells or from their growth medium. 

The invention also features a cell which expresses a 
membrane-associated or soluble major histocompatibility 
class II heterodimer. 
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Other features and advantages of the invention will be 
apparent from the following detailed description and from 
the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The drawings will first be briefly described. 
FIG. 1(A and B) depicts expression of full-length and 
truncated DRa and DR.p polypeptides in baculovirus-in- 
fected Sf9 insect cells. Upper panels: Western blots for DRcc 
and DRfJ. Sf9 cells were harvested 72 hour post-infection, 1 
and aliquots of cell lysate (c) and extracellular medium (m) 
were analyzed by 12.5% acrylamide SDS-PAGE and West- 
em blotting with specific antisera directed against DRa 
(FIG. 1A) or DRp (FIG. IB). Lane 1, human LG2 cell 
lysate; lane 2, affinity-purified, papain-solubilized DR1 from 1 
LG2 cells (DRIpap); lanes 3 and 4, cell lysate and extra- 
cellular medium from Sf9 insect cells infected with control 
baculovims BV-p-gal; lanes 5 and 6, cell lysate and extra- 
cellular medium from insect cells infected with either BV- 
DRa or BV-DRp; lanes 7 and 8, cell lysate and extracellular 21 
medium from insect cells infected with either BV-DRPsol or 
BV-DRPsol; lanes 9 and 10, cell lysate and extracellular 
medium from insect cells coinfected with both BV-DRa and 
BV-DRPsol. Samples of lysates and extracellular medium 
represented 1x10 s cells in (FIG. 1A) and 2.5x10* cells in 2 
(FIG. IB). Papain solubilized DR1 from human cells 
(DRIpap) was used at 100 ng (FIG. 1A) and 25 ng (FIG. IB) 
per lane. 

FIG, 1(C and D): HLA-DR1 genes used to construct 3( 
recombinant baculoviruses. Nucleotide numbering begin- 
ning at the initiation codon is indicated above the boxes. 
Amino acid numbering begins after the signal sequence at 
the N-terminus of the mature polypeptide. Portions of the 
amino acid sequence near the C-terrainal end of the extra- y 
cellular domain along with amino acid residue numbers are 
indicated below the boxes. DRa (FIG. 1C) and DRP (FIG. 
ID) contain the entire coding sequence of the parent cDNAs. 
DRasol (FIG. 1C) and DRasol (FIG. ID) have been trun- 
cated just before the transmembrane domain as indicated. 
Open boxes indicate coding regions: SS, signal sequence; 
ccl, cc2 (FIG. 1C), pi, p2 (FIG. ID), HLA extracellular 
domains; CP, connecting peptide; TM, transmembrane 
domain; CYTO, cytoplasmic domain. 

FIG. 2(A-d) is graph of cell surface expression of DR1 in 4; 
infected Sf9 cells. Baculovirus-infected Sf9 insect cells 
along with LG2 human lymphoblastoid cells were analyzed 
by flow cytometry at 48 hour post-infection. Surface expres- 
sion of DR1 was detected using phycoerythrin-conjugated 
anti-DRl monoclonal L243 (shaded). Background fluores- 5C 
cence was estimated with non-specific phycoerythrin-con- 
jugated mouse antibody (open). (FIG. 2A) Sf9 cells infected 
with BV-DRa alone. (B) Sf9 cells infected with BV-DRp 
alone. (FIG. 2C) Sf9 cells coinfected with BV-DRa+BV- 
DRP. (FIG. 2D) LG2 cells. 55 

FIG. 3 is a graph of the time course of expression of 
soluble and membrane-bound HLA-DR1 in insect cells. Sf9 
cells (10 6 cells per ml) were coinfected with BV-DRa+BV- 
DRP (squares) or with BV-DRasol+BV-DRPsol (circles), or 
were singly infected with either BV-DRa or BV-DRp alone 60 
(triangles). DR1 concentration in the extracellular medium 
(open symbols) or in cell lysates (closed symbols) was 
determined by ELISA, using the conformationally sensitive 
monoclonal antibody L243 as the capture antibody. Deter- 
minations with monoclonal antibody LB3.1 produced simi- 65 
lar results. The dashed line indicates cell viability by trypan 
blue exclusion. 



FIG. 4 is a gel depicting the analysis of soluble DR1 from 
insect and human cells. Soluble DR1 (80 uM) from insect 
cells (lanes 1-4) or papain-solubilized DR1 from human 
cells (lanes 5-8) was incubated in the presence (lanes 1, 2, 
5 and 6) or absence (3, 4, 7, and 8) of 360 |iM HA(306-318) 
peptide, for 100 hr at 37° C. After incubation, samples were 
mixed with SDS-PAGE loading buffer (final [SDS]=1%). 
One half of each sample was boiled for 3 min before loading 
(odd lanes); the other half was loaded without boiling (even 
lanes). Samples were analyzed by SDS-PAGE on 12.5% 

' polyacrylamide with Coomassie brilliant blue R250 detec- 
tion. Positions of molecular weight markers BSA (68000), 
ovalbumin (43000), carbonic anhydrase (29000), and P-lac- 
toglobulin (18400) are indicated at right. 
FIG. 5(A-D) is a graph of HPLC gel filtration analysis of 

< soluble DR1 from insect and human cells. Soluble DR1 (80 
uM) from insect cells was incubated in the absence (FIG. 
5A) or the presence (FIG. 5B) of 500 uM HA(306-318) 
peptide for 86 hr at 37° C, before HPLC analysis. The 
elution profile of papain-solubilized DR1 from human cells 

i (FIG. SC) was unaltered by incubation with 
HA(306-318)peptide. In a separate experiment (FIG. 5D), 
0.3 pM soluble DR1 from insect cells was incubated, with 1 
uM [ 125 I]HA(306-318) peptide (open bars) or with labeled 
peptide and a 50-fold excess of unlabeled HA(306-318) 
peptide (shaded bars), and was analyzed by gel filtration 
HPLC. Fractions (0.5 ml) were collected, and the amount of 
radioactivity in each fraction was determined by gamma 
counting. The inset to (FIG. 1A) indicates the elution 
position of molecular weight standards blue dextran (void 
volume Vo), thyroglobulin (670,000), immunoglobulin G 
(158,000), ovalbumin (44,000), myoglobin (17,000), and 
vitamin B12 (1,300). 

FIG. 6(A and B) is a graphical demonstration of the 
association and dissociation kinetics of antigenic peptide 
binding to HLA-DR1 from human and insect cells. FIG. 6A 
(left panel): association kinetics. Soluble DR1 isolated from 
insect cells (0.14 uM), or produced by papain cleavage of 
DR1 from human cells (0.21 uM), was incubated with 2 5 
MM [ 125 I]HA(306-318) peptide at 37° C. At the indicated 
times the binding reaction was stopped and the amount of 
bound peptide was determined by immunoabsorption. 
Squares, soluble DR1 from coinfected insect cells: circles, 
papain-solubilized DR1 from human lymphoblastoid cells. 
Closed symbols, DRl+ 125 I-labeled HA peptide, open sym- 
bols, DRl+ 123 I-labeled HA peptide+20-fold excess cold HA 
peptide. Solid lines indicate the initial rate of peptide bind- 
ing: dashed lines indicated the best fit single exponential 
equations, with t=7.8 hr and a maximum of 12,000 cpm for 
insect-cell-produced DR1, and with t=81 hr and an extrapo- 
lated maximum of 4,800 cpm for human-cell-produced 
DR1. 

FIG. 6B (right panel): dissociation kinetics. DR1 -peptide 
complexes were formed as described above, isolated by spin 
ultrafiltration, and diluted to 25 nM DR1 in binding buffer 
containing 0.25 mM unlabeled peptide. At the indicated 
times DR] -peptide complexes were again isolated and the 
amount of radiolabeled peptide remaining bound to DR1 
was determined by gamma counting. Dashed lines indicated 
single exponential fits with 1=81 hr for DR1 from insect 
cells and t=52 hr for DR1 from human cells. 

FIG. 7 is a histogram depicting pH dependence of anti- 
genic peptide binding to HLA-DR1 from human and insect 
cells. Soluble DR1 produced by insect cells (0.2 uM, shaded 
bars) or prepared by papain digestion of DR1 purified from 
human cells (0.35 pM, solid bars) was incubated with 1.8 
uM [ 125 I]HA(306-318) peptide at 37° C, in 0.1M sodium 
citrate-phosphate buffer at the indicated pH. After 96 hr, the 
amount of radioactive peptide bound to DR1 was deter- 
mined by spin ultrafiltration. Radiolabeled peptide binding 
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in the presence of 25 uM unlabeled peptide is indicated by 
open bars for DR1 from human cells and by lightly hatched 
bars for DR1 from insect cells. 



Expression of Heterodimers 

Class II histocompatibility proteins are expressed as 0$ 
heterodimers by insect cells (Spodoptera fmgiperda, fall 10 
armyworm) infected with recombinant baculoviruses. The 
viruses carry genes coding for the a and for the p subunits 
of the histocompatibility protein. The protein can be pro- 
duced in a membrane-associated form, or in a secreted, 
soluble form by alteration of the carboxy-terminus. Like the 15 
mammalian cells from which histocompatibility proteins are 
conventionally isolated, the insect cells glycosylate and 
correctly assemble the histocompatibility protein, but, 
unlike the mammalian cells, they do not load the binding site 
with tightly bound endogenous peptides. The proteins are 
isolated from insect cells as empty molecules by immunoaf- 
finity and ion-exchange procedures. Antigenic peptide is 
loaded onto the purified molecule in vitro, and the 1:1 
complex of peptide and histocompatibility protein is iso- 
lated. The compositions and methods of the invention are 
described in detail below. 25 

Materials and Methods 

Oligonucleotides were synthesized with a Milligen model 
3700 DNA synthesizer using p-cyanoethyl phosphoroamid- 
ite chemistry, and were purified by denaturing acrylamide 
gel electrophoresis and reverse-phase chromatography on 30 
Sep-pack (Millipore) cartridges. Baculovirus transfer plas- 
mids pVL1393 and pAC360-pgal and the wild-type bacu- 
lovirus ACMNPV-E2 are available from In Vitrogen. 
Restriction enzymes and DNA modifying enzymes were 
obtained from New England Biolabs, Boehringer Man- 35 
nheim, US Biochemicals and Promega. 

Hybridoma cells secreting anti-DR monoclonal antibody 
L243 (1 gG^) were obtained from the American Type 
Culture Collection (ATCC #HB55) and were maintained in 
Dulbeccos modified Eaglets medium (DMEM: Sigma) plus 40 
10% fetal bovine serum (FBS). As an alternative to L243, 
LB3.1 -secreting (1 gG^) cells were obtained from J. 
Strominger (Harvard University) and were maintained in 
RPMI 1640 (Sigma) plus 10% FBS. For antibody, produc- 
tion cells were grown with immunoglobulin G-free FBS 45 
(Gibco) in roller bottle culture or in serum-free medium 
WHC935 medium (Amicon) in a min-Flow Path bioreactor. 
Antibodies were purified from clarified tissue culture 
medium by ammonium sulfate fractionation followed by 
affinity chromatography on protein A-agarose (Repligen) or 



DA6.321 (a), TALS. 1 (pU) were obtained from D. Vignali 
(Harvard University). As an alternative to these antibodies, 
L227(P1) and L243 (ATCC) were also used. The specificity 
of each antibody for DR domains is indicated in parentheses. 
Rabbit antisera specific for the a and (3 chains of DR1 was 
provided by D. Vignali (The Netherlands Cancer Institute). 
Such antisera can be prepared by any artisan skilled in the 
art by inoculating rabbits with publicly available a and (5 
chains. Goat anti-rabbit or anti-mouse secondary antibodies 
were obtained from Boehringer Mannheim (horseradish 
peroxidase-labeled) and Promega (alkaline phosphate-la- 
beled). Streptavidin-alkaline phosphatase was from Biorad. 

Immunoaffinity-purified DR1 isolated from the human 
lymphoblastoid cell line LG2, and soluble DR1 produced by 
limited papain digestion of immunoaffinity-purified DR1 
from LG2, were generous gifts of J. Gorga and J. Strominger 
(Harvard University). Glycosidases, digoxygenin-labeled 
lectins, and detergents were from Boehringer Mannheim. 
HA(306-318) peptide (NH 2 -PKYVKQNTLKLAT-C00H) 
SEQ. ID NO: 5 was synthesized with an ABI model 431 
peptide synthesizer using Fmoc chemistry, and was purified 
by reverse-phase high-pressure liquid chromatography 
(HPLC) on ClsProPep (Vydac) in 0.1% trifluoroacetic acid 
using a 40%-60% acetonitrile gradient. The purified peptide 
was characterized by amino acid analysis (Harvard Microse- 
quenceing Facility) and by mass spectrometry (Harvard 
Spectrometry Lab) and shown to be homogenous. Peptide 
concentration was determined by ultraviolet absorbance 
using e 28O =1800 M _1 cm 3n . 

Construction of Transfer Plasmids Carrying DRa, DR(J, 
Truncated DRa, and Truncated DR0 Genes 

cDNA clones for the a and P subunits of HLA-DR1 were 
DRA and DRBP0101, GENBANK identifiers: Hummh- 
dram.pr and Hummhldrlb.pr. Transfer plasmids carrying 
DRa and DRp genes were constructed by isolation of the 
genes as BamHI fragments from the appropriate cDNA 
clones and insertion of these genes into the unique BamHI 
site of the baculovirus transfer plasmid pVL1393. In this 
vector the inserted genes are under transcription control of 
the strong late polyhedrin promoter. The initiation codon of 
the polyhedrin gene has been altered to ATT (Luckow and 
Summers, 1989, Virology 170: 31), so that translation is 
initiated at the first ATG in the inserted gene. Clones 
carrying DRa or DRp inserts in the proper orientation were 
isolated, and the expected sequences were confirmed 
throughout the entire coding regions. 

DRctsol (FIG. 1) was constructed by using a synthetic 
oligonucleotide duplex that codes for DRa sequence from 
the unique PstI site at nucleotide 566 to the Asn-192 codon 
ending at nucleotide 651, followed by the termination codon 
TAA, and NotI and Kpnl cloning sites. The sequences of the 



3'-ACGTCCCACCTCGTGACCCCGAACCTACTCGGAGAAGAGTTCGTAACCCTTAAG 



protein G-Sepharose Fast Flow (Pharmacia), Phycoerythrin- 
conjugated L243 and control mouse immunoglobulin G 
were obtained from Becton-Dickinson. Rabbit antiserum 
against papain-solubilized DR1 was produced by Hazelton. 
Anti-DRl monoclonal antibodies IVA12(pl), TAL14 1(PD, 65 
Tu36(p2), Tu39(pl), Tu43(aP), and SG171(PD and bioti- 
nylated monoclonal antibodies DA2 (pi), DA6. 147 (Pi), 



Altered sequences relative to the DRa gene are under- 
lined; the first two substitutions are silent changes to intro- 
duce a unique EcoRI site. They synthetic duplex was 
inserted into pVL1393-DRa between the PstI site in the 
DRa gene and Kpnl site downstream in the disabled poly- 
hedrin gene. One clone carrying the insert was sequenced 



through the altered region and shown to have the expected 
sequence. 

DRPsol (FIG. 1) was constructed by polymerase chain 
reaction-mediated amplification of the DR|3 gene. The "for- 
ward" oligonucleotide primer complementary to the coding 
strand 5'-GACTTGGATCCTATAAATATGGTGT- 
GTCTGAAGCTCCCT-3' (SEQ ID. NO: 3) introduces a 
BamHI site upstream of the initiation ATG codon, and the 
reverse primer 5'-ACAGCTCTAGATTACTTGCTCTGTG- 
CAGATTCAGA-3' (SEQ ID NO: 4) introduces a termina- 
tion TAA codon starting at nucleotide 682 followed by an 
Xbal cloning site. Sequences not present in the DR|5 gene 
are underlined. The truncated gene was amplified by 10 
cycles of melting (94° C., 1 min) annealing (55° C, 1 min) 
and extension (72° C., 3 min). The reaction product was 
isolated, cut with BamHI and Xbal and inserted into the 
corresponding restriction sites of pUC19. One of three 
clones sequenced had no unexpected substitutions and the 
DRpsol gene was excised from this clone and inserted 
between the BamHI and Xbal sites of pVL1393. 
Construction of Recombinant Baculovirus Clones 
Recombinant baculoviruses BV-pgal, BV-DRot, and BV- 
DRp were produced by homologous recombination follow- 
ing cotransfection of 2x1 0 6 cells with 5 ug of plasmid and 



SDS-PAGE sample buffer (Laemmli, 1970, Nature 227: 
680) containing 1% SDS and 1000 mM dithiothreitol (DTT) 
(final concentrations) and boiled for 3 min before applica- 
tion to 12.5% acrylamide SDS-PAGE slab gels (7x7x0.075 

5 cm). After electrophoresis gels were transferred to polyvi- 
nylidene fluoride (PVDF) membranes (Immobilon-P Milli- 
pore). Membranes were blocked in 3% bovine serum albu- 
min (BSA) in PBS. DRcc and DR|3 polypeptides were 
detected using appropriate antisera followed by alkaline- 

10 phosphatase conjugated anti-rabbit serum and nitro-blue 
tetrazolium and bromochloroindole phosphate as described 
(Blake et al., 1984, Anal. Biochem. 136: 175). 
Flow Cytometry 

Baculovirus-infected cells were analyzed by flow cytom- 
15 etry at 48 hr postinfection, before significant virus-induced 
cell lysis. In order to avoid the strong green autofluorescence 
intrinsic to Sf9 insect cells, long-wavelength flurorphore 
R-phycoerythrin (PE) was used. At 48 hr postinfection, 10 6 
cells were pelleted, gently resuspended in Vio culture volume 
20 Grace's medium (Gibco), 2% FBS, 0.01% NAN 3 , and 
incubated for 1 hr on ice with PE-conjugated L243 or 
PE-conjugated nonspecific control mouse immunoglobulin 
G. The cells were washed three times with Grace's medium 
finally resuspended at Via the initial culture volume 



|ig of viral (wild-type ACMNPV-E2) DNAs, as described 25 in PBS and fixed with 2% paraformaldehyde. Red fluores- 



(Summers and Smith, 1988, A Manual of Methods for 
Baculovirus Vectors and Insect Cell Culture Procedures:T- 
exas Agricultural Experiment Station Bulletin No. 1555, 
College Station, Tex.). Recombination efficiencies varied 
from 0.1% to 1%. Viral clones were isol 
dilution in 96-well tissue culture plates. Recombinant 
viruses were identified by dot-blot DNA hybridization of 
alkali-lysed cells (Summers and Smith, Supra) using a 
"P-labeled probe carrying both DRe and DRP sequences. 



Three or four rounds of dilution and screening 
to obtain single isolates free of wild-type virus, 
nam baculoviruses BV-DRctsol and BV-DRPsol were simi- 
larly produced and isolated except that BV-pgal viral DNA 
-is used instead of wild-type ACMNPV-E2. This 



cence was measured with a Becton-Dickinson FACS-can 
flow cytometer. 
Enzyme-Linked Immunosorbent Assay (ELISA) 
, .. . . , n Tne ELISA used to measure DR] concentration was a 
by limiting sandwich type, with solid phase L243 or LB3. 1 monoclonal 
P ™ m ,n*n. antibodies used to capture native DR1 , and rabbit anti-DRl 
and alkaline-phosphatase-labeled goat anti-rabbit antibodies 
used to detect bound DR1. Ninety-six-well microliter plates 
(Maxisorp, Nunc) were coated with 200 ng of purified L243 



the identification of nonrecombinant v: 
easily observed by including 5-bromo-4-chloro-3-indole- 
D-galactoside (0.2 mg/ml) in the culture medium. 
Sf9 Growth and Infection 

Spodoptera frugiperda (Sf9) were obtained from the 
American Type Culture Collection (ATCC#CRL1711) and 
were maintained at 27° C. in TNM-FH medium (Gibco) plus 
10% FBS. Viral stocks were produced by infection at low 
multiplicity and were stored at 4° C. Viral titers were usually 
greater than 10 s plaque-forming " ~ 

production, cells were grown in 

larger) in serum-free media SF900 (Gibco) or Excell410 
(JRH Scientific). Cells were infected at lxlO 6 cells per ml 
with a multiplicity of infection of 20 for each virus using the 
procedures described in Summers and Smith (Supra). 

SDS-PAGE and Western Blotting 

Cell lysates for SDS-PAGE analysis were prepared by 
mixing washed cells with '/io culture volume phosphate- 
buffered saline (PBS: 20 mM phosphate 130 mM NaCl [pH 
7.2]) containing 1% CHAPS and a mixture of protease 
inhibitors (1 mM EDTA, 1 mM phenylmethylsulfonyl fluo- 
ride (PMSF), 0.1 mM iodoacetamide, 0.3 pM aprotinin, 1 
uM pepstatin, 1 pM leupeptin). The mixture was stored at 4° 
C. for 1 hr. and nuclei and cell debris were removed by 
low-speed centrifugation. Samples of extracellular medium 
for SDS-PAGE were prepared by acetone or trichloroacetic 
acid precipitation. Samples for SDS-PAGE were mixed with 



requireo orLB3.1 monoclonal antibody in 100 mM sodium carbonate 
(pH 9.6) blocked with 3% BSA in PBS, and stored at 4" C. 
All subsequent incubations were for 30 min or 1 hr at room 
temperature using 0.1 ml per well and were followed by 
three washes with 0.05% Triton X-100 in PBS (PBST). 



which were 40 Di , utjons Qf samples ^ DR1 ( ^_ m 
i-j-maote-D- werl) were prepared in PBSX plus Q 3% BSA and appljed tQ 
the plate. After binding, DR1 was detecting using rabbit 
anti-DRl serum (1:50,000 in PBST plus 0.3% BSA) fol- 
lowed by horseradish peroxidase-coupled goat anti-rabbit 
antibody (15 ug/ml in PBST plus 0.3% BSA). The plate was 
developed with the peroxidase substrate 2.2'azino-di[3- 
ethyl]benzthiazoline sulfonate (ABTS, Boehringer Man- 
nheim) in perborate-citrate-phosphate buffer. After 5-15 
per ml. For protein 5Q nun, the reaction was stopped with 0.2% NAN 3 , and the 
" flasks (100 ml or absorbance at 405 nm was measured. For quantitation of 
DR1, triplicate sample dilutions were compared to a stan- 
dard curve produced using purified, papain-solubilized DR1 
from human lymphocytes. The four-parameter binding 
equation (Tijssen, 1985, Practice and Theory of Enzyme 
Immunoassays: Laboratory Techniques in Biochemistry and 
Molecular Biology 15:, New York: Elsevier Science Pub- 
lishers) 

4=(/( m „-/i m j/(i + (cyc 1I2 )i.) + A ml „ 

where A is the absorbance caused by a sample of concen- 
tration C, and A max , A min , C m , and b are adjustable param- 
eters, was fit to the standard curve by a nonlinear least 
squares algorithm, and was used to convert sample absor- 
bances to DR1 concentrations. 

For determination of the reactivity of DR1 from insect or 
human cells with a panel of anti-DRl antibodies, a direct- 
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nol, then cooled and diluted 10-fold into PBS containing 
protease inhibitors and 1% dodecylmaltoside. Endoglycosi- 
dase-H (EC 3.2.1.96, 0.005 U per mg of DR1), or glyco- 
peptidase-F (EC3.2.2.18, 1U per mg of DR1), or an equiva- 
lent volume of PBS, was added, and the mixtures were 
incubated at 37° C. for 12 hr. The reactions were stopped by 
again boiling in SDS and the reaction products were ana- 
lyzed by 12.5% acrylamide SDS-PAGE. For lectin analysis, 
purified DR1 samples were analyzed as described above for 
' Western blotting. Parallel blots were incubated with each of 
the digoxigenin-labeled lectins, and then with alkaline phos- 
phatase-labeled anti-digoxigenin, and were developed as 
described above. DRa and DRp bands were identified by 
comparison with parallel blots analyzed with rabbit anti- 
DRa and anti-DRp sera. 

Peptide Binding to Purified DR1 

Immimoaffinity-purified, soluble DR1 (0.05-1.0 uM) 
from insect or human cells was used in binding reactions, 



binding ELISA was used. Microtiter plates were coated with 
200 ng per well of DR1 and blocked as above. Serial 
dilutions of monoclonal antibodies or biotinylated mono- 
clonal antibodies were added to the plate; and bound anti- 
bodies were detected by alkaline-phosphatase goat anti- ; 
mouse antibodies, or with streptavidin-alkaline phosphatase, 
and p-nitrophenylphosphate (Harlow and Lane, 1988, Anti- 
bodies: A Laboratory Manual, Cold Spring Harbor, N.Y.). 
The antibody dilution that produced one-half the maximal 
absorbance was used to compare the affinity of each anti- l 
body for human- and insect-cell-derived DR1. 

Isolation of DR1 from Coinletted Insect Cells 

The procedures used to purify DR1 from insect cells were 
based on those developed for isolation of DR1 from human 
lymphoblastoid cells (Gorgaet al., 1987, J. Biol. Chem. 262: 15 1 
16087). Soluble DR1 was isolated from the conditioned 
culture medium of Sf9 insect cells coinfected with DRrxsol 
and DR|3sol. At 72 hr postinfection, cells were removed by 
centrifugation and the mixture of protease inhibitors was 

added. The culture medium was concentrated approximately 20 with a 2- to 10-fold molar excess HA(306-318) peptide. 
10-fold using a spiral membrane cartridge (Amicron SLY10) Standard binding conditions were 37° C. for >72 hr in PBS 
and used for inimunoaffinity purification. (pH 7.2) with 1 mM EDTA, 1 mM PMSF, 0.1 mM iodoac- 

Soluble DR1 was also isolated from lysates of cells etamide, and 3 mM NaN 3 . Incubation time, pH and buffer 
coinfected with DRasol and DRPsol. Washed cells were were varied in some experiments (see figure legends). SDS- 
lysed in 10 mM Tris-Cl (pH 8.0) containing the protease 25 PAGE analyses were performed as described above, except 
inhibitor mixture, by repeated passage through a 23 gauge that larger gels (14x14x0.15 cm) were used, and some 
needle. The lysate was centrifuged (200,000xg, 30 min, 4° samples were not boiled prior to loading, as noted in the 
C.) and the clarified lysate was enriched for DR1 by ion figure legend. After electrophoresis, proteins were detected 
exchange chromatography on Q-Sepharose (Pharmacia) in with Coomassie brilliant blue R-250. HPLC analyses were 
10 mM imidazole-HCl (pH 6.4) using a 50-250 mM NaCl 30 performed using a 7.8x300 mm Waters Protein-Pak SW300 
gradient DR1 -containing fractions were pooled and used for gel filtration column, equipped with a Waters 1-125 guard 
immunoafliriity purification. column, and variable wavelength absorbance detector. PBS 

Full-length DR1 was isolated in detergent solution from was used as the mobile phase, with a flow rate of 0.5 ml/min. 
BV-DRa+BV-DRP-coinfected Sf9 insect cells. Washed For quantitation of peptide binding, [ 125 I]HA(306-318) 

cells were lysed with 1% CHAPS in PBS containing the 35 peptide was used. Peptide (10 ug) was radiolabeled with 1 
protease inhibitor mixture. Nuclei and insoluble materials mCi of Na[ 125 I] and 50 ug of chloramine-T in phosphate 

•■ " • - ■- -■ - • buffer in a total volume of 50 ul for 2 min at room 

temperature, the reaction was stopped by the addition of 
excess Na^Oj, and the peptide was isolated by gel filtra- 
40 tion over Sephadex G-15 (Pharmacia) in PBS. Peptide 
concentration in the labeled preparations was determined 
using a bicinchoninic acid assay by comparison with dilu- 
tions of an unlabeled peptide standard. Specific activities of 
the labeled peptide were 30,000-160,000 cpm/pmol in dif- 
, 45 ferent preparations. Peptide bound to DR1 was separated 
; from free peptide by HPLC gel filtration (as above), immu- 
noabsorption, or spin ultrafiltration. Bound 125 I-labeled pep- 
tide was measured by gamma counting. 
For immunoabsorption, polystyrene microtiter wells 
eluted with 50 mM sodium cycloheylaminepropane- 50 (RIA/EIA 8-well strips, Costar) were coated overnight with 
sulfonate (CAPS) buffer (pH 11.5). Eluted fractions were 2 ug of purified L243 in 50 mM sodium carbonate (pH 9.6) 
immediately neutralized with 100 mM sodium phosphate and blocked with 5% nonfat dry milk. Milk was used to 
(pH 6.0). Protein-containing fractions were pooled and reduce nonspecific absorption, rather than BSA as in the 
concentrated into PBS using a spin ultrafiltration device ELISA assay, since radiolabeled HA(306-318) showed 
(Centricon-30, Amicon). For purification of the full-length 55 some binding to BSA. The DR1 binding capacity of these 
protein from BV-DRa+DV-DRP-coinfected cells, all solu- plates was determined to be 50 ng per well, and they were 
tions contained 1% CHAPS. The concentration of purified always used with subsarurating DR1 concentrations. Peptide 
DR1 was determined by ultraviolet absorbance at 2f" 
using an extinction coefficient of 77,000 M _1 cm -1 . 

N-terminal sequence analysis of purified soluble DR1 60 i 
from insect cells was performed after separation of the 
subunits by SDS-PAGE and transfer to PVDF, by automated 
Edman degradation, as described (Matsudaira, 1987, J. Biol. 
Chem. 262: 10035). 

Glycosylation Analysis 65 tricon-10 ultrafiltration devices (Amicon}. JBeiore use, tne 

For glycosidase analysis, purified DR1 samples were Centricon- 10 devices were blocked with 5% nonfat dry milk 
denatured by boiling in 1% SDS plus 1% P-mercaptoetha- and washed with PBS. 



re removed by low-speed centrifugation (2,500xg, 5 min, 
4° C). The supernatant was cleared by ultracentrifugation 
(200,000xg, 30 min. 4° C.) and used for immunoaffinity 
purification. 

Immunoaffinity matrices were prepared using anti-native 
DR1 monoclonal antibodies LB3.1 or L243. Purified anti- 
bodies were coupled at 5 mg/ml to protein A-agarose 
(Repligen) or to protein G-Sepharose Fast Flow using dim- 
ethyl pimelimidate as described (Harlow and Lane, 1""" 
Supra). Samples for immunoaffinity purification were 
passed through uncoupled protein A or protein G columns 
before application to the immunoaffinity column. Immu- 
noaffinity columns were washed with PBS, and DR1 w 



binding mixtures (in triplicate) were added to an equal 
volume of blocking solution in the antibody-coated wells 
re allowed to bind for 1 hr at room temperature. The 
wells were washed five times with PBST before gamma 
counting. For spin ultrafiltration, DR1 and DR1 -peptide 
complexes were separated from free peptide by five cycles 
of concentration and 25-fold dilution into PBS, using Cen- 
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Isolation and Crystallization of Soluble DRl-Peptide unit by SDS-PAGE, probably due to incomplete signal 

Complexes sequence cleavage and partial glycosyladon, but the secreted 

Immunoaffinity-punfied soluble DR1 (0.5-1 mM) was protein exhibited predominantly one band per subunit In 

incubated with 2- to 5-fold molar excess HA(306-3 18) ce i, s coinfected with both BV-DRasol and DV-DRftaoI. 

f 0 do a tr^rL S 1 ^Jn*?' °^ n f 5 secretion int0 the extracellular medium was much more 

mdoacetamide, and 3 mM NaN 3 at 37° C. for >72 hr. efficient (FIG. 1, lanes 9 and 10) 

SKSSSSS b T ^ iff f™ in mob ^ ty - on SDS - p T b r en the 

filtration HPLC. The sharp peak corresponding to a molecu- ^T" ° f J? ? L^T* 1 ™ lnSCCL ^ 
lar weight of about 50,000 was collected and concentrated ™~* Sn ? , ' eS 2) ° r PaP^-soIubUized DR1 
by spin ultrafiltration. For crystallization, DR1 peptide com- 10 C ltj - lanes 2 > P roduced b y hu man cells are due to 
plexes (5 mg/ml) were transferred to 10 mM Tris-CI, 0.01% differential glycosylation in the insect cell and human cell 
NaN 3 (pH 8.0). Crystals were obtained by vapor diffusion lines - Both the a and p chains of the full-length and 
against 14-17% PEG 8000, 100 mM glycine (pH 3.5), using truncated forms of DR1 from insect cells were sensitive to 
hanging drops on silanized microscope cover slips over endoglycosidase-H and glycopeptidase-F (Table 1). Both a 
precipitant solution in 24-well tissue culture plates. 15 and (J chains bound GNA lectin but not SNA, MAA, DSA, 
Elution and Measurement of Bound Peptides or PNA lectins, indicating that both chains contain high- 
A procedure similar to that published for elution of mannose, N-linked polysaccharides. In contrast, DR1 iso- 
peptides from class I MHC (Van Bleek and Nathanson, lated from human cells carries a complex, sialated polysac- 
1990, Nature 348: 213; Falk et al., 1991, Nature 351: 290; charide on each chain, along with a second, nonsialated 
Jardetzky et al., 1991, Nature 353: 326) was used to elute 20 polysaccharide on the a chain (Table 1 and Shackelford and 
DRl-associated peptides. DR1 samples (50 |ig) were sepa- Strominger, 1983, J. Immunol. 130: 274). After deglycosy- 
rated 1 from low-molecu ar-weight material by gel filtration lation, the subunits of full-length and truncated DR1 from 
~ v^T^^J^Si aqU n^ S i "P™ ™«* cells exhibited the same mobility as the corresponding 
f^tn^frL tlh , P , J' ^^"af deglycosylated subunits of intact or papain-solubilized DR1 
fractions from each sample were pooled, and any residual 25 from human cplk 
low-molecular-weight material was removed by three cycles cw ,-„o»^ ^ n ■ r , j .u fi „ , 
of 25-fold concentration and dilution into 170 mM aqueous JnCl ™ ' C ! ^V^u 
ammonium acetate using a Centricon-30 ultrafiltration ? V " DR ft : P ' e " preSS DR1 ° n &e cdI Surface as 
device as above. Bound peptides were eluted from the final „ ?S c y tometrv u «ng monoclonal antibody 
concentrate by 25-fold dilution into 10% acetic acid and L243 (FIG - 2C >- ^ mibod y recognizes a conformational 
incubation at 70° C. for 15 min. The samples were cooled 30 detenmna nt on the correctly folded DR1 heterodimer 
and concentrated once again. The final filtrate provided the (Lampson and Levy, 1980, J. Immunol. 125: 293; Gorga et 
pool of peptides eluted by acid denaturation. Filtrates were al " 1987 > J - Bio1 - Chem. 262: 16087). No reactivity was 
concentrated to 100 ul by vacuum centrifugation, and a observed with Sf9 cells singly infected with BV-DRot alone 
portion was used for amino acid analysis on an ABI 420A/ (HG. 2A) or with BV-DRp alone (FIG. 2B). The surface 
130A derivatizer/HPLC after hydrolysis with 6N HC1 for 24 35 expression of DR1 on.the reinfected SF9 insect cell surface 
hr in vacuo. A sample of 170 mM ammonium acetate was was weaker and more heterogeneous than that exhibited by 
processed in parallel through the HPLC, washing, elution, LG2, a human lymphoblastoid cell line (FIG. 2D), 
and analysis steps, to control for background and nonpep- The time course of DR1 expression in insect cells was 
tidic reactivity. monitored by enzyme-linked immunosorbent assay (ELISA) 
Results 40 using the anti-native DR] monoclonal antibody L243 (FIG 
Recombinant Baculoviruses Direct the Synthesis and 3). DR1 expression in BV-DRa+BV-DRB-coinfected cells 
Secretion of DRap Heterodimers in Coinfected Sf9 Cells increased from 24 to 48 hr postinfection, then remained 
Recombinant baculoviruses carrying full-length genes for relatively constant (closed squares). DR1 could not be 
the a and p subunits of human DR1 and (BV-DRa and detected in the extracellular medium (open squares) No 
DV-DRP), or carrying truncated genes (BV-DRasol and 45 L243 reactivity was observed in lysates of singly-infected 
BV-DRpsol), were generated by homologous recombination cells (shaded triangles), indicating that this antibody does 
in the insect ovarian cell line Sf9 (fall armyworm, not recognize DRa or DRP monomers, or any a 2 or p, 
Spodopterafrugiperda). The truncated genes code for pro- homodimers that may be produced by the singly infected 
teins of 1 92(a) and 1 98(P) residues, which terminate just cells. Similar results were obtained with LB3 1 (Gorga et al 
before the beginning of the predicted transmembrane spans 50 1 98 6, Cell. Immunol. 103: 160), another conformation- 
(FIG. 1, bottom panels). Insect cells infected with BV-DRa sensitive monoclonal antibody that recognizes the DRaP 
or with BV-DRP expressed polypeptides of the expected heterodimer. Insect cells coinfected with the truncated con- 
apparent molecular weight, which reacted with antisera structs, BV-DRasol and BV-DRPsol, produced het- 
specific for the appropriate subunit of DR1 (FIG. 1, lanes 5). erodimeric DR«P complex that was detected in cell lysates 
No reactivity was observed in the extracellular medium 55 (closed circles) and also in the extracellular medium (open 
(MG. 1, lanes 6), nor m insect cells infected with a control circles). Secretion of DR1 to the extracellular medium 
baculovirus, BV-ugal (FIG. 1, lanes 3 and 4). significantly lagged behind expression within the cell and 
Insect cells infected with BV-DRasol or BV-DRpsol, continued to increase very late in infection. The overall 
which carry the truncated genes, expressed polypeptides that expression level of soluble DR1 (cells plus medium) 
exhibited somewhat faster mobility on SDS-PAGE (FIG. 1, 60 remained fairly constant after 48 hr postinfection at 
lanes 7) than the full-length forms, as expected for the approximately 2 mg per liter of culture medium, more than 
removal of the transmembrane and cytoplasmic domains. six times the expression level of the full-length, membrane- 
Ine truncated constructs were expressed at a significantly bound form. 

greater level than the full-length proteins. A fraction of the Purification of DR1 from Insect Cells 

protein produced in the singly-infected cells was secreted 65 Insect cell cultures were harvested for protein purification 

into the extracellular medium (FIG. 1, lanes 8). The protein at 72 hr postinfection. Soluble DR1 (1-2 ug per ml of 

retained within the cells exhibited multiple bands per sub- culture) was isolated from the extracellular medium of 
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coinfected cells in 80%-90% yield by immunoaffinity chro- HA(306-318), most of the protein eluted in a single peak 

matography using monoclonal antibodies that recognize the corresponding to 50,000 daltons (FIG. 5B), as expected for 

native DR1 heterodimer (LB3.1 or L243). No DRa or DRp" the DRap heterodimer and as seen with DR1 isolated from 

subunits could be detected on Western blots of the material human lymphoblastoid cells (FIG. 5C). Incubation of DR1 

that did not bind to the affinity column, indicating that all of 5 from insect cells without the addition of peptide had no 

the secreted DRa and DRP was present as 0$ heterodimer. effect on its aggregation behavior. The aggregation was not 

The immunoaffinity-purified soluble DR1 exhibited pre- a result of the isolation procedure, as whole conditioned 

dominantly two bands (DRa and DR|$) by SDS-PAGE, medium also exhibited multiple, DR1 -containing peaks, 

along with a significant but variable amount of a second [ 12S I]HA(306-318) peptide included with soluble DR1 from 

DRa band (FIG. 4, lane 1). The three bands were subjected 10 insect cells in the incubation mixture comigrated with the 

to N-terminal sequencing. Both DRa bands had the strong DR1 a0 peak (FIG. 5D, open bars). Radiolabeled 

sequence NH 2 -IKEEH . . . , and the DRp band had the peptide binding could be competed with an excess of 

sequence NH r GDTRP . . . These are the N-termini expected unlabeled peptide (solid bars). The effect of added peptide in 

for the mature subunits, indicating that the native DR1 signal converting the heterogenous DR1 isolated from insect cells 

sequences were efficiently removed by the insect cell. The 15 (FIG. 5A) to a mostly homogeneous species (FIG. SB) thus 

purified DR1 was tested against 13 monoclonal antibodies occurs through peptide binding to the DR1 molecule, 

that recognize native DR1 from human cells. Each of the Gel filtration HPLC was used to isolate the complex of 

antibodies tested, DA2(Pl-specific), DA6.147(a), soluble, insect-cell-derived DR1 with HA(306-318) pep- 

DA6.231(P1), IVA12(P1), L227(PD, SG171(pi), tide. The purified DRl-peptide complex retained binding to 

TAL8.KP1), TAL14.1(pl), Tu36(P2), Tu39(pi), and 20 all of the anti-DRl monoclonal antibodies described above. 

Tu43(aP), as well as the antibodies used for affinity purifi- DR1-HA(306-318) peptide complexes were crystallized by 

cation L243(a) and LB3.1(a), bound to the soluble, insect- vapor diffusion from polyethylene glycol, under conditions 

cell-derived DR1 . previously developed for crystallization of DR1 from human 

Approximately half of the total soluble DR1 produced by cells (Gorga et al., 1991, Res. Immunol. 142: 401) These 

BV-DRasol+BV-DRPsol-coinfected cells was retained 25 crystals were morphologically similar to those produced 

within the cells. This material could be isolated from a lysate from papain-solubilized DR1 isolated from human lympho- 

of coinfected cells by ion exchange and immunoaffinity Mastoid cells. 

chromatographies. Soluble DR1 isolated from cell lysates The SDS-PAGE (FIG. 4) and HPLC gel filtration (FIG. 5) 

behaved similarly to soluble DR1 isolated from the extra- results indicate that DR1 isolated from insect cells was less 

cellular medium. Full-length DR1 (0.1 ug/ml of culture) 30 stable to denaturation and aggregation that DR1 isolated 

could be isolated in detergent solution from lysates of from human lymphoblastoid cells. In both assays, preincu- 

BV-DRa+B V-DRp-coinfected cells, by including 1 % 3-[(3- bation of the insect-cell-derived DR 1 with antigenic peptide 

choamidopropyl)dimethylammonio]-l-propanesulfonate caused it to behave similarly to DR1 from human cells. In 

(CHAPS) in all solutions throughout the purification proce- contrast, incubation of human-cell-derived DR1 with pep- 

dure. 35 tide had no effect on its behavior in HPLC gel filtration or 

Purified Soluble DR1 is Stabilized by Antigenic Peptide SDS-PAGE, presumably because the protein as isolated is 

DR1 isolated from human lymphoblastoid cells is sub- already saturated with tightly bound peptides, 

stantially resistant to dissociation by SDS at room tempera- Binding of Antigenie Peptide to Soluble DR1 from Insect 

tare, and the a and P chains migrate as a heterodimer on Cells 

SDS-PAGE if the samples are not boiled prior to loading 40 The kinetics of radioiodinated HA(306-318) peptide 
(FIG. 4, lane 8; Gorga et al., 1987, J. Biol. Chem. 262: binding to DR1 were measured at pH 7.2 and 37° C. for 
16087). After boiling in SDS, the a and p subunits disas- soluble DR1 produced by coinfected insect cells (FIG. 6, left 
sociate (FIG. 4, lane 7). In contrast, the soluble DR1 secreted panel, squares) and by human lymphoblastoid cells (circles), 
from coinfected insect cells was sensitive to dissociation by The initial rate of peptide binding to insect-cell-derived DR1 
SDS at room temperature, and migrated mostly as mono- 45 was 0.11 mol peptide per mole DR1 per hour, significantly 
meric a and p chains, along with several faint bands near the faster than the 0.0093 mol peptide per mole DR1 per horn- 
position expected for the heterodimer (FIG. 4, lane 4). After observed for human-cell-derived DR1. These initial rates 
boiling, soluble DR1 from insect cells migrated as the correspond to pseudo-first-order rate constants of 12 M _1 s -1 
expected a and P monomers (FIG. 4, lane 3). Preincubation for DR1 from insect cells and 1.0 NT's -1 for DR1 from 
with an antigenic peptide from influenza hemagglutinin, 50 human cells. The extent of radiolabeled HA(306-3 18) pep- 
HA(306-3 18), caused the soluble DR1 from insect cells to tide binding to DR1 from insect and human cells was 
become resistant to SDS-induced dissociation. Soluble DR1 determined from the data in FIG. 6 (left panel). At times 
from insect cells, incubated with HA(306-318) peptide and after 24 hr, the amount of peptide bound to the insect-cell- 
subsequently treated with SDS at room temperature (FIG. 4, produced DR1 was 1 .0+0.3 mol peptide per mole DR1 . For 
lane 2), migrates as a strong band that corresponds to the aP 55 human-cell-produced DR1 the (extrapolated) maximum 
heterodimer seen with DR1 from human cells. After boiling, extent of binding was 0.2±0.1 mole peptide per mole DR1. 
the subunits dissociate (FIG. 4, lane 1). Incubation of DR1 For measurement of dissociation kinetics (FIG. 6, right 
from human lymphoblastoid cells with peptide had no effect panel), DR1 samples were equilibrated with excess [ I25 I] 
on the stability to SDS-induced dissociation (FIG. 4, lanes 5 HA(306-318) peptide for 73 hr at 37° C. After this time, 
and 6). 60 DRl-peptide complexes were separated from free peptide, 
While the DR1 isolated by immunoaffinity purification diluted into buffer containing excess unlabeled peptide, and 
appeared to be substantially free of contaminating proteins returned to 37° C. Samples were removed at the indicated 
by SDS-PAGE, it eluted from a gel permeation column in a times, and the amount of peptide remaining bound to DR1 
number of peaks with apparent molecular weights of 50,000 was measured. The kinetics of peptide dissociation were 
and greater (FIG. 5A). Each of these peaks contained 65 extremely slow for DR1 from either source, and no signifi- 
material that reacted with anti-DRaP antibodies. After incu- cant difference in dissociation rate were observed over 300 
bation for 72 hr at 37° C. with antigenic peptide hr. The dissociation data for DR1 from both sources are 
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consistent with a first-order dissociation constant of about 
4xl0- s s-\ 

The pH dependence of peptide binding of DR1 from 
human and insect cells was also determined. Binding of 
excess [ ,25 I]HA(306-318) peptide to DR1 was measured 5 
after 72 hour incubation of 37° C, for soluble DR1 from 
human cells (FIG. 7, solid bars) and from insect cells 
(shaded bars). Open and hatched bars show binding in the 
presence of excess unlabeled peptide. Peptide binding to 
human lymphoblastoid-cell-derived DR1 increased at lower 10 
pH. In contrast, peptide binding to insect-cell-derived DR1 
was relatively independent of pH. At every pH tested, insect 
cell DR1 bound more peptide than DR1 from human lym- 
phoblastoid cells. The extent of peptide binding observed for 
the insect-cell-derived DR1 corresponds to 1.110.2 mol 15 
peptide per mole protein. For the DR1 isolated from human 
cells, the extent varied from 0.06 (pH 8) to 0.3 (pH 4). 

The measurements of peptide binding capacity were 
repeated using different preparations of [ 125 I]HA(306-318) 
peptide and DR1 from insect and human cells (Table 2). 20 
Soluble DR1 produced in insect cells reproducibly bound 
nearly a stoichiometric amount of peptide (0.90±0.15 mol 
peptide per mole DR1), while DR1 from human cells bound 
5-fold less peptide (0.17+0.07 mol peptide per mole DR1). 
The low binding capacity, slow association kinetics and pH 25 
dependence of peptide binding for class II molecules iso- 
lated from mammalian cells are all believed to be due to the 
presence of tightly bound peptides occupying the antigen- 
binding site, which must dissociate before exogenously 
added peptide will bind (Buus et al., 1986, Cell 47: 1071; 30 
Roche and Cresswell, 1990, J. Immunol. 144: 1799; Tampe 
and McConnell, 1991, Proc. Natl. Acad. Sci. USA 88: 4661). 
Taken together, the increased peptide binding capacity, 
increased binding rate, and decreased pH dependence of 
peptide binding for DR1 produced in insect cells indicate 35 
that, as isolated, the antigen-binding site is largely empty. 

To confirm this result, we directly measured the amount of 
endogenous peptide bound to DRI, using a procedure pre- 
viously used to characterize peptides bound to class I and 
class II molecules (Van Bleek and Nathanson, 1990, Nature 40 
348: 213; Falk et al., 1991, Nature 351: 290; Rudensky et al., 
1991, Nature 353: 662). A pool of bound peptides was 
released from the DR1 -binding site by acid denaturation, 
isolated by spin ultrafiltration, and finally quantitated by 
amino acid analysis. Papain-solubilized DR1 isolated from 45 
human cells carried the equivalent of 14 amino acid residues 
per mole (Table 2). Full-length DR1 from, human cells gave 
essentially the same result. This corresponds to approxi- 
mately 95% occupancy, with endogenous peptides having an 
average length of 15 residues. As a control, soluble DR1 50 
from insect cells was analyzed after loading with 
HA(306-318) peptide. The isolated DRl-peptide complexes 
carried 13 amino acid residues per mole DR1, consistent 
with the length of the HA(306-318) peptide and a 1:1 molar 
ratio of bound peptide to DR1. In contrast, no amino acid 55 
residues were detected in the pool from soluble DR1 from 
insect cells above the reactivity observed in a buffer blank. 

Using the methods described above, an ordinary artisan 
skilled in the art can generate empty MHC class II het- 
erodimers from any mammalian species that encodes such 60 
proteins, for example, a mouse a rat, or a rabbit etc. 
Heterodimers comprising an a and a p chain are known in 
these species. The artisan, following the directions described 
above for the expression of the human heterodimer, can 
clone the genes encoding a and p peptides from other 65 
species of mammals into a suitable plasmid and generate 
baculoviruses that encode one or other of the peptides. Insect 
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cells when coinfected with these baculoviruses should 
express either membrane-associated or soluble heterodimers 
which are empty, and which can be loaded with a suitable 
antigenic peptide according to the methods of the invention. 
TABLE 1 



SNA (Sambuci 
agglutinin) 
MAA (Maacku 
agglutinin) 



Gaip(l^t)- 
GlcNAc 
GaipO-3)- 
GalNAc 



For glycosidase analysis, purified DRI samples were denatured, digested with 
the appropriate glycosidase, and analyzed by SDS-PAGE. A difference in 
mobility in the glycosidase-trealed samples relative to mock-digested samples 
was scored as positive. For lectin analysis, purified DRI samples were 
analyzed by SDS-PAGE and Western blotting using labeled lectins. In both 
assays, full-length and soluble DRI behaved identically. The expected 
oligosaccharide specificity is shown beside the nam e of each glycosidase or 
'— -"- (Man, mannose: SA, sialic acid: Gal, galactose: GlcNAc, N-acclylglu- 



le: GalNAc, N-acetylgalactosamine) 



ding to HLA-DR1 from Human an 



lot peptide/mol DRI) 



acid residue/mol DRI) 



>aded 



The extent of | 125 I]HA(306-318) peptide binding to soluble DRI 
produced in insect cells and in human cells was determined for the 
experiments shown in FIGS. 5, 6, and 7 (pH 7 values only) and in 
four other trials. In each experiment, DRI samples from insect 
and human cells were treated in parallel. Occupancy values for 
125 I-labeled HA peptide are given as the ratio of moles peptide 
bound per mole DRI, determined using the measured specific 
activity of the [ 125 I]HA(306-318) preparation and the 

if DRI determined by FJLISA or absorbance at 280 
the average of seven trials with the observed 



nm. Values 
standard deviation 
soluble DRI was 

preloaded ' 



The an 



for papain-solubilized human I 
sect cell DRI, and also for insect cell DRI 
HA(306-318) peptide. Bound peptides were 
d treatment and isolated by spin ultra- 
centrifugation. Occupancy values are given as the ratio of 
moles amino acid residue in the peptide fraction, determined 
by amino acid analysis, per mole 
absorbance at 280 nm. ND, none 
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Advantages of the Invention 

The biological and immunological properties of histo- 
compatibility proteins are largely denned by the antigenic 
peptide that is bound to them. All previous methods for 
producing class II histocompatibility proteins have provided 5 
material that contains a mixture of antigenic peptides (Buus 
et al., 1988, Science, 242: 1045; Rudensky et al., 1991, 
Nature, 353, 662), which can be only partially loaded with 
a denned antigenic peptide (Watts and McConnell, 1986, 
Proc. Natl. Acad. Sci. USA 83: 9660; Buus et al., 1987, 
Immunol. Rev. 98: 1 15; Ceppellini et al., 1989, Nature 339: 
392; Busch et al., 1990, J. Immunol. Meth. 134: 1; Jardetzky 
et al., 1990, EMBO J. 9: 1797; O'Sullivan et al., 1990, J. 
Immunol. 145: 1799; Roche and Cresswell, 1990, J. Immu- 
nol. 144: 1849). Previous efforts to produce soluble MHC 
class II heterodimers by recombinant methods have been 15 
unsuccessful (Traunecker et al., 1989, Immunol. Today, 10: 
29). The methods described in the invendon provide empty 
class II histocompatibility proteins, which can be completely 
loaded with any desired antigenic peptide. In addition, the 
methods provide soluble histocompatibility proteins without 20 
the use of proteases and provide better yields of histocom- 
patibility protein than current methods. Furthermore, the 
process is more economical and allows the protein sequence 
to be manipulated in any desired manner. 

Uses of the Invention 25 

The compositions and methods of the invention are useful 
for the treatment of humans with any disease in which an 
immune response to a protein causes unwanted symptoms. 
Thus the compositions and methods of the invention may be 
used to treat autoimmune disease. During autoimmune dis- 30 
ease, T cells activated by MHC class II self-antigenic 
peptide complexes initiate an immune response directed 
against the body's own antigenic peptides in tissues and 
organs. However, binding of T cells to large quantities of 
MHC-antigenic peptide complexes has been shown to have 35 
the opposite effect in that the T cells become inactivated 
(Quill and Schwartz, 1987, J. Immunol. 138: 3704). While 
the mechanism by which this inactivation is induced is not 
understood, two separate theories might explain this phe- 
nomenon. High concentrations of MHC-antigenic peptide 40 
complexes when bound to T cells may simply saturate T cell 
receptors for that complex, thus competitively blocking the 
T cells' ability to bind to an identical MHC-antigenic 
peptide complex present in tissues and organs. Similarly, 
although somewhat distinct, saturation of T cell receptors 45 
with MHC-antigenic peptide complexes may induce a state 
of clonal energy, wherein the clone of T cells to which the 
peptides are bound become incapable of activating subse- 
quent immune events required for an immune response 
(Quill and Schwartz, 1987, J. Immunol. 138: 3704). 50 

Using the methods and compositions described above it is 
now possible to prepare large quantities of membrane- 
associated or soluble MHC heterodimers that have bound to 
them an antigenic peptide of choice. Such an antigenic 
peptide might be one which triggers an autoimmune reaction 55 
in a patient with an autoimmune disease. Treatment of the 
patient with such MHC-antigenic peptide complexes may 
induce clonal anergy, or otherwise diminish or eliminate the 
T cell's ability to promote the autoimmune reaction. 

The compositions and methods of the invention may also 60 
be used to specifically destroy autoreactive T cells. Het- 
erodimer-antigenic peptide complexes, that are themselves 
conjugated to a toxin molecule, may be used to target the 
toxin to the autoreactive T cells, whereupon the toxin would 
then induce death of the T cells. 65 

The heterodimer-antigenic peptide complex of the inven- 
tion may also be used to vaccinate a patient with an antigenic 
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peptide that when administered to the patient in the absence 
of the heterodimer, is incorrectly processed by the antigen- 
presenting cells in the body. The heterodimerantigenic pep- 
tide complex may be administered to the patient, either in 
solution or attached to a solid support, as an artificial 
antigen-presenting cell, capable of inducing a protective 
immune response in the patient. 

The compositions and methods of the invention may also 
be used as a research or a diagnostic tool to identify the 
presence of, and to isolate T cells that are reactive with a 
particular heterodimer-antigen complex. In order to deter- 
mine the'origin and function of clonal lines of T cells and to 
examine their role in autoimmune disease, it is often nec- 
essary to isolate these cells in a pure form, i.e., separated 
from all other cells in the population, including other T cells 
of a different clonal origin. The compositions and methods 
of the invention can easily be used to isolate T cells that are 
reactive to a specific self-antigen, without having to go 
through the more conventional yet cumbersome process of 
first obtaining a monoclonal antibody directed against the 
particular T cell receptor epitope expressed by those T cells. 
Briefly, a population of lymphocytes are obtained from a 
mammal by conventional means. The self-antigen in ques- 
tion is complexed to empty heterodimers using the methods 
described above. The heterodimer has a dye, e.g., a fluores- 
cent dye, conjugated to it using methods standard to those in 
the art For example, conjugation can be accomplished using 
standard methods for conjugation of dyes to antibodies such 
as those described in Stites and Terr (1991, Basic and 
Clinical Immunology, Appleton and Lange) or in Harlow 
and Lund (Supra). The lymphocytes are incubated in the 
presence of heterodimer-antigen complex and only T cells 
that are reactive to the self-antigen present in the het- 
erodimer complex will bind to the complex, thus becoming 
labeled with the dye. Labeled cells are then separated from 
unlabeled cells by conventional cell-sorting flow cytometry. 
Thus the compositions and methods of the invention provide 
a rapid and easy method for the purification of T cell clones 
that are reactive to self-antigens. 

In a manner similar to that described above, the compo- 
sitions and methods of the invention can be used as a 
diagnostic tool determine the onset of autoimmune disease 
in a patient, and/or to follow the progress of the disease in 
that patient. For example, lymphocytes obtained from a 
patient can be reacted with dye-labeled heterodimer-self- 
antigen complex without further purification. Cells that have 
either bound the complex or not bound the complex can be 
separated from free unbound complex by several cycles of 
centrifugation and washing. The cells can then be examined 
by fluorescence microscopy for the presence of the dye. If 
the cells are counterstained with a dye of a different color 
which stains all cells, for example rhodamine or Texas red, 
then it is possible to quantitate the number of T cells which 
have bound the heterodimer. Similarly, quantitation can be 
accomplished using flow cytometry as described above. 
Thus the presence of and the number of self-antigen reactive 
T cells can be determined in a sample obtained from a 
patient suspected of having an autoimmune disease. In order 
to monitor progression of the disease in a patient, or to 
monitor T cell activity in patients receiving treatment for the 
disease, samples can be obtained periodically and analyzed 
as described above. Such sampling, which in the majority of 
cases will involve obtaining circulating lymphocytes from 
the patient's blood, is a relatively painless and non-invasive 
procedure. 

Use of the compositions and methods of the invention is 
not limited to the study of autoimmune disease in humans. 
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Where animal models of autoimmune disease are available, 
or become available, the compositions and methods of the 
invention provide an invaluable research tool to further 
examine the disease process, thus generating information 
that can then be used to eliminate or diminish the severity of 5 
such a disease in humans. 

Diseases that are potentially treatable using the compo- 
sitions and methods of the invention, all of which have been 
linked to the major histocompatibility class II molecules, are 
presented below. The autoreactive antigenic peptide, where 10 
it is known or suspected, is given in parentheses. The actual 
antigenic peptide used for forming the complex with class II 
might be derived from these peptides. 
Multiple sclerosis (myelin basic protein) 
Myasthenia gravis (acetylcholine receptor) 15 
Systemic lupus erythematosus (DNA) 
Glomerulonephritis or Goodpasture's syndrome (type IV 

collagen) 

Insulin-dependent diabetes mellitus (insulin receptor) 
Autoimmune hemolytic anemia (erythrocyte membrane pro- 20 

Autoimmune thrombocytopenic purpura (platelet membrane 
proteins) 

Grave's disease (thyroid stimulating hormone receptor) 
Pernicious anemia 25 
Rheumatoid arthritis 
Dermatitis herpetiformis 
Celiac disease 
Sicca syndrome 

Idiopathic Addison's disease 30 

Idiopathic membranous nephropathy 

Narcolepsy 

Optic neuritis 

Postpartum thyroiditis 

Hashimoto's thyroiditis 35 
Juvenile rheumatoid arthritis. 
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MHC heterodimer-antigenic peptide complexes can be 
administered parenterally, for example intravenous, subcu- 
taneous, intramuscular, intraorbital or intraocular adminis- 
tration. The complexes can be formulated for parenteral 
administration to humans or other mammals in therapeuti- 
cally effective amounts (e.g., amounts which eliminate or 
reduce the patient's pathological condition) to provide 
therapy for the diseases described above. 

The complexes provided herein can be formulated into 
pharmaceutical compositions by admixture with pharmaceu- 
tically acceptable non-toxic excipients and carriers. Such 
compositions may be prepared for use in parenteral admin- 
istration, particularly in the form of liquid solutions or 



The complexes may conveniently be administered in unit 
dosage form and may be prepared by any of the methods 
well known in the pharmaceutical art, for example as 
described in Remington's Pharmaceutical Sciences. Formu- 
lations for administration may contain as common excipi- 
ents sterile water or saline, cyclodextrans, polyalkylene 
glycols, such as polyethylene glycol, oils of vegetable 
origin, hydrogenated naphthalenes and the like. In particular, 
biocompatible, biodegradable lactide polymer, lactide/gly- 
colide copolymer, or polyoxyethylene-polyoxypropylene 
copolymers may be useful excipients to control the release 
of the peptides. Other potentially useful delivery systems for 
these complexes include ethylene-vinyl acetate copolymer 
particles, osmotic pumps, implantable infusion systems, and 
liposomes. Formulations for administration may include a 
stabilizing agent, such as human serum albumin, as well as 
a permeation enhancer, such as glycocholate. 

The concentrations of the complexes described herein in 
a therapeutic composition will vary depending upon a num- 
ber of factors, including the dosage of the complex to be 
administered and can be determined on a case by case basis. 
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:E DESCRIPTION: SEQ ID NO:2: 







( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
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I claim: 

1. An isolated sample of mammalian major histocompat- 
ibility class II heterodimers capable of binding 1.0+/-0.3 33 
mol antigenic peptide per mol heterodimer when said anti- 
genic peptide is added to said sample, wherein said sample 

is produced by expressing DNA encoding the a and p 
polypeptides of said major histocompatibility class II het- 
erodimer in an insect cell. 

2. The sample of claim 1, wherein said heterodimers are 40 
soluble and the a and P polypeptides of each of said 
heterodimers lack the transmembrane domain normally 
present on naturally occurring major histocompatibility 
class II a and p polypeptides. 

3. The sample of claim 1 or 2, wherein said heterodimers 45 
are human. 

4. The sample of claim 1 or 2, wherein said heterodimers 
are murine. 

5. A baculovirus comprising DNA encoding the a 
polypeptide of a mammalian major histocompatibility class 50 



6. The baculovirus of claim 5, wherein said a polypeptide 
lacks the transmembrane domain normally present on natu- 
rally occurring a polypeptide. 

7. The baculovirus of claim 5, wherein said baculovirus is , 
BV-DRcc. 

8. The baculovirus of claim 6, wherein said baculovirus is 
BV-DRasol. 

9. A baculovirus comprising DNA encoding the p 
polypeptide of a mammalian major histocompatibility class 
II heterodimer. 6 

10. The baculovirus of claim 9, wherein said P polypep- 
tide lacks the transmembrane domain normally present on 
naturally occurring P polypeptide. 

11. The baculovirus of claim 9, wherein said baculovirus 

is BV-DRP. 6 

12. The baculovirus of claim 10, wherein said baculovirus 
is BV-DRPsol. 



13. A method of producing the sample of claim 1, said 
method comprising 

expressing the a and p polypeptides of the mammalian 
major histocompatibility class II heterodimer in insect 
cells which comprise a baculovirus encoding the alpha 
polypeptide of a mammalian major histocompatibility 
class II heterodimer and a baculovirus encoding the 
beta polypeptide of a mammalian major histocompat- 
ibility class II heterodimer, and 

recovering said heterodimer from said cells or their 
growth medium. 

14. The method of claim 13, wherein said heterodimer is 
soluble and said cells are coinfected with a baculovirus 
encoding the alpha polypeptide of a mammalian major 
histocompatibility class II heterodimer, wherein said alpha 
polypeptide lacks the transmembrane domain normally 
present on naturally occurring alpha polypeptide, and a 
baculovirus encoding the beta polypeptide of a mammalian 
major histocompatibility class II heterodimer, wherein said 
beta polypeptide lacks the transmembrane domain normally 
present on naturally occurring beta polypeptide. 

15. A recombinant insert cell which expresses a mamma- 
lian major histocompatibility class n heterodimer which 
lacks bound antigen. 

16. The cell of claim 15, wherein said heterodimer is 
soluble and each of the a and P polypeptides of said 
heterodimer lacks the transmembrane domain normally 
present on naturally occurring major histocompatibility 
class II a and p polypeptides. 

17. The cell of claim 15 wherein said cell is coinfected 
with the a baculovirus encoding the alpha polypeptide of a 
mammalian major histocompatibility class II heterodimer 
and a baculovirus encoding the beta polypeptide of a mam- 
malian major histocompatibility class II heterodimer. 

18. The cell of claim 16, wherein said cell is coinfected 
with the a baculovirus encoding the alpha polypeptide of a 
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mammalian major histocompatibility class II heterodimer, 
wherein said alpha polypeptide lacks the transmembrane 
domain normally present on naturally occurring alpha 
polypeptide, and a baculovirus encoding the beta polypep- 
tide of a mammalian major histocompatibility class II het- 
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erodimer, wherein said beta polypeptide lacks the transmem- 
brane domain normally present on naturally occurring beta 
polypeptide. 



